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Abstract 
Abstract 
A pervasive real-world memory task is remembering to carry out intended activities at 
appropriate moments in the future, such as remembering to call one’s mother after returning 
from work or to hand a message to a colleague when se ing him in the office on the next 
morning. Such types of tasks are termed prospective memory (PM) tasks (Einstein & 
McDaniel, 1996). PM has been identified as one of the most frequent everyday memory 
challenges (e.g., Maylor, 1990), particularly in old age (McDaniel, Einstein, & Rendell, 2008) 
and an intact PM is considered to be crucial for the maintenance of independent living 
(Kliegel & Martin, 2003). Therefore, many researchers have focused on the exploration of 
possible age differences in PM. While age-related d ficits were found in standard lab-based 
PM tasks, age-related benefits occured in naturalistic tasks that are carried out in participants’ 
everyday lives. This surprising pattern has been called the age-PM-paradox (Rendell & Craik, 
2000). It has been supported by a meta-analysis comparing PM age effects found in studies 
that focused either on lab-based or on naturalistic PM tasks (Henry, MacLeod, Phillips, & 
Crawford, 2004). However, the mechanisms which are critical in determining the direction of 
age effects remain poorly delineated. Thus, the overall aim of the research programme 
presented in the present thesis was to investigate the age-PM-paradox as well as potential 
cognitive, motivational and emotional mechanisms and processes associated with age-related 
PM performance. For that purpose, three experimental studies were conducted testing adult 
age effects in different PM task settings with different task material. Furthermore, several 
possible underlying mechanisms suggested by the literature on age effects in PM were 
measured and/ or varied experimentally.  
The first aim of Study 1 was to cross-validate the ag -PM-paradox within a single 
sample. The second aim was to empirically explore the relative importance of four recently 
proposed factors (motivation, metacognitive awareness, activity absorption, and control over 
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the task) that may be associated with the direction of age effects inside and outside of the 
laboratory. For that purpose, 20 young and 20 older a ults performed a lab-based and a 
naturalistic PM task, which were similar in structure and demand. The level of control was 
experimentally manipulated in both task settings. The remaining possibly influencing factors 
(motivation, metacognitive awareness, and activity absorption) were assessed via 
questionnaires in the laboratory and with a daily diary in the field. First, analysing mean level 
age differences, the paradox was confirmed. Second, exploring possible correlates of the 
paradox revealed that the level of daily activity absorption (i.e., everyday stress) was the most 
important mechanism in naturalistic PM performance. Further, high motivation and good 
metacognitive awareness were associated with age benefits in PM performance in the 
naturalistic task, while high ongoing activity absorption and low control over the PM cue 
were related to deficits in lab-based tasks. Thus, Study 1 confirmed the age-PM-paradox 
within one sample and with carefully matched lab-based and naturalistic tasks. In addition, 
the results indicate that the relative importance of the suggested factors may vary as a 
function of setting. While cognitive factors were most influential in the laboratory, 
motivational and knowledge-based factors were associated with high PM performance in the 
naturalistic task. The strong association between PM performance in the field and everyday 
stress highlights the need for future studies exploring the mechanisms underlying this effect. 
 Results from Study 1 suggest that cognitive resources are most influential for PM age 
effects in the laboratory. Yet, it is not clear, which specific cognitive resources are needed for 
successful PM performance and if these processes diff r between young and older adults. 
Thus, Study 2 explored the role of executive functions (i.e. shifting, updating and inhibition) 
as possible developmental mechanisms associated with PM age effects. 170 young and 110 
older adults performed a battery of cognitive tests including measures of PM, shifting, 
updating, inhibition, working memory and speed. A comprehensive set of statistical 
approaches (e.g. median analyses, structural equation modelling) was used to analyze the 
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possible cognitive correlates in predicting PM performance. First, age effects were confirmed 
in PM and also obtained in measures of executive control. Moreover, the facets of executive 
control differently predicted PM performance. Specifically, shifting was the strongest 
predictor of PM performance in young and older adults as well as for explaining age 
differences in PM. Thus, Study 2 clarified the role f different facets of controlled attention in 
age effects in PM and bears important conceptual implications: The results suggest that 
executive functions are important developmental mechanisms of PM across adulthood beyond 
working memory and speed. Specifically, shifting appeared to be an essential aspect of 
cognitive control involved in age-related PM performance. Moreover, examining PM as a 
latent construct confirmed the convergent and discriminant validity of PM. This demonstrates 
PM as a separate cognitive construct and suggests that PM is related to, but not identical with, 
executive control. 
Study 3 was set out to explore if the amount of cognitive resources needed to 
successfully perform a PM task in the laboratory can be influenced by the emotionality of the 
task material. First studies suggested that emotional task material may enhance PM 
performance in young and older adults by heightening the salience of the task and thereby 
reducing the need for controlled attention. However, the extent and mechanisms of this effect 
are still under debate. Therefore, Study 3 explored possible differential effects of PM target 
cue valence on PM age effects. For that purpose, 45 young and 41 older adults performed a 
PM task in which emotional valence of the PM cue was manipulated (positive, negative, 
neutral). Results revealed an interaction indicating hat age differences were smaller in both 
emotional valence conditions compared to the neutral condition. This finding supports an 
emotionally enhanced memory effect in PM, but only for the older adults as PM performance 
in young adults was not affected by cue valence. From a conceptual perspective, the results 
from Study 3 may also contribute to the explanation of the age-PM-paradox, as they suggest 
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that the neutral material usually applied in lab-based studies might overestimate PM age 
effects. 
In summary, the present thesis makes an important co ribution to the ongoing 
conceptual debate concerning adult age effects in PM performance assessed in the laboratory 
versus participants’ everyday lives. Results strongly suggest that mostly different variables 
may be crucial for understanding PM age deficits in the laboratory and age benefits in 
naturalistic PM tasks. Successful PM performance in the laboratory seems to require high 
levels of cognitive resources. The present results suggest that shifting ability is especially 
relevant in this respect. On a task level the emotional ty of the material seems to influence the 
required amount of cognitive resources as it reduce PM age effects. Everyday stress seems to 
be particularly important for successful PM performance in the field. Thus, possible future 
studies should specify the relation between stress and PM as outlined in the general 
discussion.  
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1. Introduction 
Right in the middle of a math exam a mobile phone starts to ring.  
The students become nervous as the teacher scolds them with an admonishing stare, 
 but it takes a long while before he realizes that it is his own phone that rings. 
 
The ability to remember, initiate and perform delayd intentions is called prospective 
memory (PM; Einstein & McDaniel, 1990). PM is an essential component of innumerable 
everyday tasks, including remembering to turn off the mobile phone before an important 
appointment, paying the utility bill in time, turning off the stove after cooking, or buying 
bread on the way home. Indeed, PM is crucial for successful execution of everyday tasks to 
the extent that PM errors account for more than half of all everyday memory problems 
(Crovitz & Daniel, 1984). Within the broad field ofPM research, change and development of 
PM in adulthood and late adulthood invoke particularly relevant and important challenges. In 
times of rapid aging of the population, intact PM is essential to ensure an independent living 
in old age. Furthermore, older adults are often requir d to execute health-related tasks which 
necessitate intact PM functioning such as meeting healt  appointments or remembering to 
take medication on time (McDaniel, Einstein, & Rendll, 2008). Taking up to the challenge of 
exploring these issues, the present work examines ag  effects in PM using different tasks in 
different settings. Furthermore, with the goal of enhancing our knowledge on age effects in 
order to develop possible interventions, potential mechanisms influencing PM performance in 
young and older adults will be tested.  
Chapter 2 provides a conceptual overview on the topic f PM. Chapter 3 summarizes 
the literature on age effects in PM and possible underlying mechanisms. Following that, the 
research aims and hypotheses are specified in Chapter 4. The empirical part of this 
dissertation starts with Chapter 5 presenting a study on age effects in PM tasks in and outside 
the laboratory, which further explored possible mechanisms in both settings. Chapter 6 
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presents a large-scale individual difference study in which a comprehensive set of statistical 
approaches was used to gain further insight into the cognitive constructs underlying 
successful PM performance in young and older adults. The third study in Chapter 7 explored 
the influence of experimentally manipulated valence of the task material on PM performance 
in both age groups. Finally, Chapter 8 summarizes and discusses the empirical results, 
considers their conceptual, methodological and applied implications, and presents an outlook 
for future research projects. 
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2. PM- A conceptual clarification  
2.1 Definition 
PM refers to the ability to remember to perform delay d intentions. More precisely, it 
is the ability to remember to initiate and execute an intended action at a specific point in the 
future (Brandimonte, Einstein, & McDaniel, 1996). Examples of everyday PM tasks include 
remembering to post a letter when crossing a post box and to take medication on time.  
PM tasks are typically defined by three characteristics: A delay between the formation 
of the intention and its execution, the absence of an explicit reminder and the need to interrupt 
current thoughts and activities to carry out the formed intention (Ellis & Kvavilashvili, 2000). 
The activity that participants are engaged in when prospective retrieval should occur is called 
ongoing task (McDaniel & Einstein, 2000). Thus, one important feature of PM tasks is that 
they have to be performed when one is occupied with a competing activity at the same time. 
For example, a conversation has to be paused to take one’s medication according to schedule. 
Further, PM consists of two distinct components, a retrospective and a prospective one 
(Einstein & McDaniel, 1996). The retrospective component requires the recollection of the 
intended action (i.e., remembering what has to be done) and the recognition of the PM targe  
cue (i.e., remembering when it has to be done). The prospective component involves the self-
initiated retrieval of the intention (i.e. remembering that it has to be done) at the appropriate 
moment (Einstein, Holland, McDaniel, & Guynn, 1992; Smith & Bayen, 2006). 
 
2.2 PM task types 
Different ways to measure PM performance exist according to the cue that signals the 
appropriate moment to initiate a planned action (Eistein & McDaniel, 1996). Event-based 
tasks require the execution of an intended action after the recognition of an external cue in the 
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environment, such as taking one’s medication at breakfast. In time-based tasks the action has 
to be performed after a certain time has elapsed (e.g., taking one’s medication after an hour) 
or at specific points in time (e.g., taking one’s medication at 3 p.m.).  
Furthermore, PM tasks can be distinguished according to the setting in which they 
take place. Lab-based tasks are carried out in a laboratory setting, while naturalistic tasks are 
carried out in the everyday environment of the participant (Phillips, Henry, & Martin, 2008). 
Lab-based studies usually follow the dual-task design described above consisting of a PM 
task (e.g. press a key when a specific word occurs or at a specific point in time) and an 
engaging ongoing activity (e.g. rating words on their familiarity, Kliegel, Martin, McDaniel, 
& Einstein, 2004). Typical naturalistic PM tasks include tasks like mailing a postcard to the 
experimenter (e.g., Patton & Meit, 1993) or telephoning the experimenter at a specific time 
(e.g., Maylor, 1990). Here, everyday activities participants are engaged in when the right 
moment to perform the naturalistic PM task has arrived are considered as ongoing activities 
equivalent to the ongoing task in the laboratory.  
 
2.3 The process model of PM 
Prospective remembering is regarded as a multiple component process, which consists 
of at least four phases (Ellis, 1996; Kliegel, Martin, McDaniel, & Einstein, 2002): Intention 
formation, intention retention, intention initiation and intention execution (see Figure 1).  
 
Figure 1. Process model of PM (Kliegel et al., 2002). 
 
Intention 
initiation 
Intention 
formation Intention retention 
Time 
Intention  
execution 
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In the first phase (intention formation), the intentio  to perform an action at some point in the 
future (what you want to do) and the adequate moment to perform it (when you should 
retrieve the intended action and initiate it) are formed and encoded. Planning processes might 
be necessary in this stage. The intention formation phase is followed by a period during which 
the intention has to be stored (intention retention) while ongoing activities are performed. The 
third phase (intention initiation) begins with the appropriate moment to initiate the intended 
action. When this moment has arrived, the actual ongoing activity has to be interrupted and 
the planned action has to be realized on one’s own initiative. At the final phase (intention 
execution) the intention needs to be carried out to perform the PM task properly. Moreover, 
some form of evaluation of the outcome is needed to avoid unnecessary repetitions of fulfilled 
intentions or to ensure future success of failed intentions (Ellis, 1996). 
The definition and illustration of PM as a process makes clear that different cognitive 
processes and skills are involved in successfully remembering to fulfil delayed intentions in 
the future (Ellis & Freeman, 2008). Discussed cognitive constructs in this context include 
retrospective memory, especially episodic memory (Zimmermann & Meier, 2006; Zöllig, 
West, Martin, Altgassen, Lemke, & Kliegel, 2007), and executive functions (Kliegel, 
Mackinley, & Jäger, 2008). The umbrella term executive functions comprises planning, 
working memory, cognitive flexibility and inhibition processes (Hill, 1994). Yet, it is not 
clear which specific aspects of executive functioning are decisive for successful PM 
performance. Furthermore, the different cognitive constructs might vary in their influence on 
PM performance according to the single phases describ d in the process model of PM. In 
particular, planning processes are required during intention formation (Kliegel et al., 2002) 
while short or long term memory has more impact during the intention retention phase. 
Furthermore, the environment or the time has to be monitored for the appropriate cue to 
initiate the intended action and therefore working memory has to be updated accordingly. The 
initiation phase is also related to cognitive flexibility and problem-solving (Kliegel et al., 
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2002). When the cue is encountered or the right point in time has arrived, the ongoing activity 
has to be inhibited, and a switch must be made fromthe ongoing task to the PM task. Thus, 
cognitive flexibility is important for a successful PM performance in this stage. In summary, 
executive functions play an important role during different stages of prospective 
remembering, while intention retention mainly relies on retrospective memory. However, also 
in this stage of PM, executive functions may be needed to monitor unfulfilled intentions and 
review one’s current goals (Carlesimo, Casadio, & Caltagirone, 2004). Which specific 
executive control processes are required may also depend on the specific PM task demands. 
 
2.4 Relevance of the research area 
PM is of high relevance for everyday life (Maylor, 1990). It has been found, for 
example, that 50-80% of all everyday memory problems are, at least partly, due to PM 
failures (Crovitz & Daniel, 1984; Terry, 1988). An intact PM is crucial for the development 
and maintenance of independent living in old age (Kliegel & Martin, 2003). Some PM tasks 
help to maintain social relations that are crucial resources for older adults (e.g., remembering 
to send a birthday card), while others are associated directly with independence and autonomy 
(e.g., remembering to pay a bill in time). In addition, older adults often have special health 
needs which require intact PM functioning such as remembering to take medication, monitor 
indexes of physical function or meeting health-related appointments (McDaniel, Einstein, & 
Rendell, 2008). Therefore, many researchers have focused on the exploration of possible age 
differences in PM and factors that may explain them ( .g., Einstein, McDaniel, Manzi, 
Cochran, & Baker, 2000; Ellis & Kvavilashvili, 2000; Kliegel, McDaniel, & Einstein, 2000; 
Martin, Kliegel, & McDaniel, 2003). 
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3.1 Age effects in PM 
Over the recent years, the focus in research of PM development has been on the 
development in adulthood and late adulthood. In the following, a short overview of influential 
studies on the topic is given. 
Craik (1986) postulated in an influential theory of aging that PM should be 
particularly problematic for older adults, as PM tasks require that persons remember to 
remember. Thus, a PM task differs from retrospectiv memory tasks, in which the 
experimenter initiates or requests remembering and represents the memory task that requires 
the greatest degree of self-initiation. Craik’s theory therefore predicts large age effects in PM. 
This suggestion follows from Craik's view that aging terferes mainly with self-initiated 
retrieval processes, while automatic cognitive processes remain largely intact in old age. 
Craik supported his theory by finding larger age eff cts for free and cued recall tasks than for 
recognition tasks (Craik, 1986; Craik & McDowd, 1987).  
Maylor (1996) suggested that age effects in PM might differ in accordance to the PM 
task used and its specific requirements. In this context, time-based tasks have been considered 
to be more difficult to remember than event-based tasks, because they lack an external event 
that signifies the opportunity for recall and require more self-initiated processing for 
monitoring the time (e.g., Einstein, McDaniel, Richardson, Guynn, & Cunfer, 1995; 
Kvavilashvili & Fisher, 2007). Accordingly, Einstein and McDaniel (1990) proposed that 
event-based PM tasks might not produce large age effects, while time-based tasks might be 
more likely to produce age-related deficits. However, while time-based tasks have produced 
relatively consistent age effects, results with event-based tasks are mixed. Some studies 
reported significant age effects (e.g., Maylor, Smith, Della Sala, & Logie, 2002; Smith & 
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Bayern, 2006, West & Craik, 2001; Zimmermann & Meier, 2006), while others failed to 
obtain such effects (e.g., Cherry & Plauche, 2004; Marsh, Hicks, Cook, & Mayhorn, 2007; 
Reese & Cherry, 2002). Reviewing the available literature, Henry and colleagues (2004) have 
reported a meta-analysis revealing that older adults show a reduced performance in laboratory 
PM tasks in general. They did not find significant ge differences in the performance in event-
based and time-based PM tasks. Thus, the widespread opinion that time-based PM tasks 
impose greater demands on self-initiation and therefore produce larger age effects was not 
supported. Another question Henry et al. (2004) addressed in their meta-analytic review on 
PM and aging was the comparison between age effects in different task settings, which will be 
described in detail in the following paragraph. 
 
3.2 The age-PM-paradox 
An interesting pattern emerges for PM age effects in different task settings: While age-
related deficits are found in standard lab-based PM tasks, age-related benefits occur in 
naturalistic tasks. This pattern has been called th age-PM-paradox (Rendell & Craik, 2000). 
It has been supported by the meta-analysis of Henry t al. (2004) in which age effects found 
in studies that focus either on lab-based or on naturalistic PM tasks were compared. Both 
effects were reported as being of almost identical size (age-related eficits in lab-based PM: 
Effect size r = -.34 for event-based and -.39 for time-based tasks; age benefits in naturalistic 
tasks: Effect size r = +.35 for event-based and +.52 for time-based tasks). Only one study so 
far has tested the paradox within a single sample of young and older adults (Rendell & 
Thomson, 1999). Results indicated the expected pattern of the age-PM-paradox. One 
limitation of this study, however, was that the two PM tasks used in the different settings 
differed substantially in many potentially importan task parameters. Thus, the first aim of the 
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present thesis was to test the age-PM-paradox in a si gle sample using laboratory and 
naturalistic PM tasks with parallel general constraints.  
Moreover, the shared research aim of the three studies presented was to explore 
possible mechanisms underlying age-related PM performance in the different settings. 
Concerning the age deficit in the laboratory, first models suggesting factors that might 
influence the PM performance in young and older adults exist and have been partly tested. 
The examination of possible mechanisms contributing to the PM age benefit in the field is just 
starting. No comprehensive model explaining the age benefit exists yet, but several factors 
have been discussed in the literature and single ideas have been empirically tested. In the 
followings I will first briefly summarize the literature concerning possible mechanisms 
related to the PM age benefit in naturalistic tasks and then address possible mechanisms 
underlying PM age deficits in lab-based tasks. 
 
3.3 Possible Mechanisms related to the PM age benefit in naturalistic tasks 
In a review about the age-PM-paradox, Phillips, Henry, and Martin (2008) give an 
overview about important topics related to the paradox, including possible underlying 
mechanisms. They point out several factors that might explain age-related benefits in 
naturalistic PM tasks: Motivation, control over the PM cues, metacognitive awareness, stress 
through competing activities, perceived task importance and the use of reminders. As 
perceived task importance (e.g. Altgassen, Kliegel, Brandimonte, & Filippello, 2010; Kliegel 
et al., 2004) and the use of reminders (e.g. Rendell & Thomson, 1999; Rendell & Craik, 2000) 
are the factors that have been explored most thoroughly, the studies conducted for the present 
thesis will concentrate on the remaining four. 
In regard to motivation, it is assumed that older adults might be more motivated to 
successfully complete naturalistic PM tasks compared with young adults (Moscovitch, 1982; 
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Patton & Meit, 1993; Rendell and Craik, 2000). This is particularly likely as the majority of 
young participants in typical PM studies are undergraduate psychology students who 
complete those studies for course credits. Thus, the level of motivation from young 
participants to complete naturalistic PM tasks among the other demands of everyday life may 
be relatively low (Maylor, 1993). In contrast, older adults might be especially motivated to 
perform well in tasks carried out in their everyday life as they closely mirror contextual 
everyday experience and they may be less motivated in abstract laboratory tasks that have 
little overlap with their daily experience (see also Kliegel, Martin, McDaniel, & Phillips, 
2007, for similar evidence in an errand planning task). Despite popularity of this explanation 
there is little direct evidence for it. A first study by Aberle, Rendell, Rose, McDaniel, and 
Kliegel (2010) found some evidence supporting low motivation as an explanation for young 
adult’s inferior performance in naturalistic PM tasks, but not for older adult’s superior 
performance. Providing an incentive improved only young adults PM performance, who then 
reached the level of performance of older adults wihout incentive. However, this result of no 
age effect in a naturalistic PM task when the motivation of the young sample is heightened 
still differs from the age deficits usually found in lab-based studies. Furthermore, it remains 
an open question whether older participants are per se more motivated to perform well in 
naturalistic PM tasks and if the higher internal motivation is related to the actual performance. 
 The assumption related to the level of control over the PM cue or task in general is that 
in most naturalistic tasks the participant is more r less free to choose the best way to recall 
and implement intentions. In contrast, in lab-based tasks the experimenter usually exerts full 
control over the specific cues and target times and participants have to follow those external 
instructions (e.g., Einstein & McDaniel, 1990). Cockburn (1996) suggested that it may be rare 
for older adults to make spontaneous use of cues in that kind of PM tasks. Therefore, control 
of the situation in such circumstances is likely to be perceived by older adults as resting in the 
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hands of the experimenter rather than the participants’, which may in turn hamper their 
performance. No study so far has tested this suggestion. 
 As older adults have more experience in naturalistic PM tasks they might evaluate 
their performance in those settings more precisely and furthermore they might have more or 
better appropriate strategies available to use in the right moment to achieve an optimal level 
of performance. Thus, metacognitive awareness could play an important role in age-related 
PM performance (Kliegel, MacKinley et al., 2008). The assumption that participants with a 
better prediction of their actual performance are abl  to better invest in appropriate strategies 
has been supported in related research areas like the domain of learning (e.g. Thiede, 
Anderson, & Therriault, 2003; Vrugt & Oort, 2008), but has not been examined in the field of 
PM.  
 Another popular explanation for age benefits in naturalistic PM tasks is that young 
adults compared to older adults lead lives that are less structured and predictable, busier and 
more engaging (e.g., Henry et al., 2004; Maylor, 1996; Rabbitt, 1996). Indeed, there may be 
systematic age differences in the demands of daily activities between young and older adults, 
as the majority of older participants are retired, whereas the majority of young participants are 
psychology students. This could have strong effects as retirement might result in less 
demanding ongoing activities and possibly more avail ble time to devote to setting up 
strategies and carrying out PM tasks in everyday life for older adults, while young adults 
might be confronted with more daily stressors and less flexible tasks. In line with this 
reasoning, diary studies have shown that young adults report a higher amount of everyday 
stress than older adults and also perceive their str ssors as more severe (Almeida & Horn, 
2004; Sliwinski, Smyth, Hofer, & Stawski, 2006). However, to date there have been no 
investigations how possible age differences in everyday stress may influence PM performance 
in naturalistic tasks. 
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To sum up, it is not clear if the age benefit usually found in PM aging studies is 
related to higher motivation, better metacognition and less everyday stress in older adults 
compared to young adults. Further, the influence of l vel of control on PM performance in 
both task settings has not been tested yet. Thus, the second aim of the present thesis was to 
test the relative importance of the four described variables that might be associated with the 
age-PM-paradox. 
. 
3.4 Possible mechanisms related to the general PM age deficit in lab-based tasks 
To gain more insight into the general age deficits found in lab-based PM tasks, Henry 
et al. (2004) explored the role of task type in their meta-analysis. As described earlier, these 
additional analyses showed no significant overall difference in PM age deficits between 
event- and time-based PM tasks. Thus, further analyses were conducted to test if strategic task 
demand in general is a moderator of age effects. Indeed, studies manipulating the amount of 
strategic demands in event-based tasks experimentally showed that age-related deficits were 
significantly larger in tasks with relatively high strategic demands than in tasks with lower 
strategic demands (Effect sizes r = -.40 vs. r = -.14, respectively). Thus, age deficits in event-
based PM tasks in the laboratory are in part determined by the level of strategic task demands. 
This finding is in line with one of the most influential theories in PM research, the 
multiprocess framework of PM (McDaniel & Einstein, 2000). 
 
3.5 The multiprocess framework of PM 
The multiprocess framework of PM (McDaniel & Einstein, 2000) primarily addresses 
event-based PM, yet aspects of it may also be relevant for time-based tasks. The authors 
assume that PM retrieval may either rely on attention-demanding, strategic processes or on 
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relatively automatic, spontaneous processes. Strategic processes include executive-guided 
monitoring, to correctly recognize the appropriate moment to initiate the intended action 
(Ellis & Nimmo-Smith, 1993). Automatic processes can be initiated by target events that 
capture attention involuntarily. This corresponds to people’s introspective impression that 
sometimes intended actions “pop into mind” (Einstein & McDaniel, 1990). Age effects would 
be expected to be most evident in conditions requiring strategic processes, whereas no or 
smaller age effects should occur in conditions thatfavour automatic retrieval of the intended 
action. Thus, meta-analytic data (Henry et al., 2004) as well as theoretical assumptions from 
the multiprocess framework (McDaniel & Einstein, 2000) would predict that the required 
amount of strategic processes is an important mechanism underlying PM in aging. An open 
question remains: What exactly do “strategic processes” mean? So far, the exact nature of 
these controlled attentional processes is not known and it is not clear whether specific aspects 
of executive control are more important than others in explaining age differences in PM.  
 
3.6 Specifying the term “strategic processes”  
A useful conceptual framework to disentangle the rol of strategic processes in age-
related PM was suggested by Miyake et al. (2000). Miyake et al. (2000) specified the 
relatively broad definition of executive functions a control of complex cognition (Banich, 
2009) by identifying three facets of executive functioning, namely shifting, updating and 
inhibition. Shifting describes the ability to switch between multiple tasks or mental sets. 
Updating comprises actively manipulating information n working memory by monitoring 
incoming information for task relevance and replacing older information held in working 
memory with newer, more relevant information. Inhibition constitutes the ability to 
deliberately inhibit prepotent or conflicting responses whenever necessary and to shield 
working memory from distractors.  
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 In addition to the conceptual prediction of controlled attention being involved in PM, 
derived from the multiprocess framework and the meta-analytic results by Henry et al. (2004), 
the possible individual role of the three distinct executive functions in PM may also be 
deduced from the process character of common PM tasks as described earlier (Kliegel et al., 
2002) and the typical operationalization in laboraty paradigms (e.g. Einstein & McDaniel, 
1990). Again, while working on a PM task, the environment has to be monitored for the 
appropriate cue to initiate the intended action – for that purpose, working memory has to be 
updated constantly. When the cue is encountered, th ongoing activity has to be inhibited, and 
one has to switch from the ongoing task to the PM task. Hence, all three facets of executive 
functions appear to be critically involved in successful PM. Yet, somewhat surprisingly, no 
study has systematically examined their respective effects on PM in general or on age-related 
PM performance in particular.  
 The available empirical evidence on the role of executive functions in age-related PM 
suggests that executive functions performance may mediate age differences in PM. For 
example, Martin et al. (2003) found that planning, i hibition, and mental flexibility, but not 
age, predicted PM performance in two standard PM tests, while both executive functioning 
and age predicted performance in a complex PM task,which required planning and executing 
multiple intended actions. Inhibition also mediated age effects in PM performance in a study 
by West and Craik (2001, Experiment 1). A study examining only older adults showed that 
participants with above-average scores on neuropsychological tests associated with frontal 
functioning showed better PM performance than participants with below-average scores 
(McDaniel, Glisky, Rubin, Guynn, & Routhieaux, 1999).  
In summary, it remains unclear which specific contrlled attentional processes are 
underlying PM performance and which aspects of executive functioning are crucial in 
explaining age differences in lab-based PM performance. Thus, the third aim of the present 
thesis was to specify the influence of executive functions on PM performance by examining 
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the role of shifting, updating and inhibition on lab-based PM performance in young and older 
adults. Because the few available studies have focused on single aspects and/or used single 
clinical measures of executive functions possibly confounding specific effects of different 
executive functioning processes, the present thesis extended former literature by investigating 
the role of all three major facets of executive functioning on age-related PM performance with 
the help of multiple indicators for each construct. 
 
3.7 Factors determining the required amount of strategic processing in PM 
In addition to the assumption that PM retrieval may rel  on either attention-demanding 
or relatively automatic processes, the multiprocess framework by McDaniel and Einstein 
(2000) suggests critical factors that determine the ext nt to which PM depends on strategic, 
attention-demanding processes as opposed to relatively automatic processes. These conditions 
include PM task importance, characteristics of the PM target cue, ongoing task difficulty and 
individual differences. It is assumed that higher prceived task importance leads to more 
monitoring, while less strategic processes should occur if the ongoing activity is more 
absorbing. Furthermore, depending on cognitive (e.g. planning abilities or working memory 
capacity) and personality factors (e.g. conscientiousness or compulsiveness), people will 
perform PM tasks differently. If performing the ongoing task requires focal processing of the 
PM cue (e.g. keeping words in working memory while remembering to press a button 
whenever a specific word appears; Einstein & McDaniel, 1990), the cue is likely to be 
processed sufficiently to enable automatic retrieval of the intended action. On the other hand, 
if the PM cue is non-focal that means not part of the information being extracted for 
performing the ongoing task (e.g., keeping words in working memory while remembering to 
press a button whenever the background of the screen shows a particular pattern; Park, 
Hertzog, Kidder, Morrell, & Mayhorn, 1997), successful PM will require more strategic 
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processes to monitor for the target cue. Moreover, McDaniel and Einstein (2000) suggest that 
some target events involuntarily capture attention, because they are new and unknown or 
distinctive relative to the existing context. Such a salient cue is thought to facilitate switching 
from the ongoing to the PM activity and recognizing the right moment to execute the intended 
action. Indeed, studies showed that PM performance in young and older adults was 
significantly enhanced if a cue was presented in a salient format compared to a non-salient 
format (Cohen, Dixon, Lindsay, & Masson, 2003; Einstein et al., 2000). Most studies have 
focused on physical target cue features to vary salience, for example presenting targets in 
upper case font when all words used in the ongoing activity are in lower case (Brandimonte & 
Passolunghi, 1994; Einstein et al., 2000) or increasing their size (Graf & Uttl, 2001). Other 
dimensions of salience that have been tested, are the content of the specific cue, for instance 
presenting low-meaningful words as targets (Einstei & McDaniel, 1990; McDaniel & 
Einstein, 1993), or its emotional valence (Altgassen, Phillips, Henry, Rendell, & Kliegel, 
2010). 
 
3.8 Emotional valence as cue salience variation in aging PM 
To vary the emotional valence of the target cues in order to make them more or less 
salient, may be especially relevant in the context of cognitive aging, because emotional 
experience remains largely intact or even improves across adulthood (Blanchard-Fields, 
1998), while a wide variety of cognitive functions decline with age (e.g., see Zacks, Hasher, 
& Li, 2000, for a review). Given these different developmental trajectories, there has been a 
growing interest in the interactions between cognitio  and emotion in the aging mind 
(Carstensen & Mikels, 2005). A common finding is a preferential processing of positive 
information over negative information with advancing age, the so-called positivity effect 
(Charles, Mather, & Carstensen, 2003). This effect has been reported in studies on attention, 
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memory, and decision making (Grühn, Scheibe, & Baltes, 2007; Isaacowitz, Toner, Goren, & 
Wilson, 2008; Löckenhoff & Carstensen, 2007; Mather & Carstensen, 2003; Schlagman, 
Schulz, & Kvavilashvili, 2006); yet, its reliability is under debate (Murphy & Isaacowitz, 
2008). Largely uncontroversial is the finding that emotional information (with either positive 
or negative valence) is processed preferentially (e.g., more rapidly, better remembered, etc.) 
to neutral information by both young and older adults. The finding that emotional stimuli per 
se are more salient than neutral stimuli and lead to be ter memory performance has been 
termed the emotionally enhanced memory effect (Talmi, Schimmack, Paterson, & 
Moscovitch, 2007). This effect has been observed in young adults (e.g., Kensinger & Corkin, 
2003; Ochsner, 2000) and seems to remain intact in older adulthood (e.g., Denburg, 
Buchanan, Tranel, & Adolphs, 2003; Gruhn, Smith, & Baltes, 2005). This leads to the 
prediction that emotional and therefore salient target cues should reduce age effects in PM. 
So far, only two studies (Altgassen et al., 2010; Rendell et al., in press) have explored 
the role of emotional compared to neutral task material for PM performance in young and 
older adults. Focusing on cue valence, Altgassen et al. (2010) found no age effects if the PM 
task involved emotional cues, irrespective of their valence (positive or negative). Older adults 
exhibited significant impairment only in the condition with neutral cues. Hence, emotionally 
salient cues facilitated older adults’ PM performance, thereby eliminating age-related 
differences. This finding suggests an emotionally enhanced memory effect in PM, but only in 
older adults, as no valence effect was found within t e young adults.  
Rendell et al. (in press) did not vary the valence of the PM cue, but the intended 
action, i.e. the PM task content that had to be remembered. In contrast to Altgassen et al. 
(2010) the authors did not find an emotionally enhanced memory effect, but a positivity effect 
in both age groups, with more positive event-based PM tasks being performed relative to both 
negative and neutral tasks. An interaction of valence and age indicated .that the magnitude of 
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age differences was smallest in positive event-based PM tasks. However, young participants 
were more accurate than older participants across all three valence conditions. 
While both studies suggest that emotional PM task material (i.e. target cues or actions) 
may enhance PM performance and reduce age differencs, important questions remain. Thus, 
the fourth aim of the present thesis was to clarify if emotional task material may reduce or 
even eliminate age effects in PM and whether an emotionally enhanced memory effect or a 
positivity effect explains PM performance in older adults using emotional task material best. 
With regard to both issues, the two existing studies (Altgassen et al., 2010; Rendell et al., in 
press) came to differing results. Further clarification of these open questions may also 
contribute directly to explaining the age-PM-paradox. Most tasks used in laboratory settings 
consist of highly abstract material without emotional meaning, which may be important in 
explaining age differences (Ellis & Kvavilashvili, 2000; Rendell & Thomson, 1999), as a lack 
of salience may lower the perceived importance of the task, resulting in more PM failures 
(McDaniel & Einstein, 2000). On the contrary, typical naturalistic PM tasks as phoning the 
experimenter or posting a letter may already provide some social and emotional meaning and 
therefore lead to higher motivation in older adults, which may in turn lead to better PM 
performance. Thus, varying the emotional valence of the PM task material used in the 
laboratory may help to elucidate, if the commonly used neutral task material may 
overestimate age deficits in lab-based PM tasks. 
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4. Aims and Research Questions 
The main aim of the present thesis was to further explore potential cognitive, 
motivational and emotional mechanisms and processes underlying the differentiate age effects 
in naturalistic and lab-based PM tasks. Based on the presented literature, the present thesis 
comprises three experimental studies testing groups f young (age range: 18 – 30 years) and 
older adults’ (age range: 60 – 80 years) PM performance with different PM tasks in different 
task settings. Furthermore, several possible underlying mechanisms suggested by the 
literature on age effects in PM were measured and/ or varied experimentally. The 
multiprocess approach by McDaniel and Einstein (2000) was used as an overall theoretical 
framework for lab-based PM performance measures.  
 Four research questions will be discussed in detail in the following sections. The first 
research question investigates if the age-PM-paradox can be confirmed within one sample of 
young and older participants using lab-based and naturalistic PM tasks with similar task 
constraints. The second research question explores the influence of different factors on PM 
performance in and outside the laboratory that have been suggested by the literature. The third 
research questions aims at clarifying the construct of “controlled attention” underlying age-
related PM performance in the laboratory. Finally, the fourth research question concentrates 
on the role of emotional PM target cues in explaining age differences in the laboratory. 
 
4.1 Can the age-PM-paradox be cross-validated within a single sample using lab-
based and naturalistic PM tasks with similar constraints? (Study 1) 
As described above, the age-PM-paradox describes the general pattern of age-related 
deficits in lab-based PM tasks and age-related benefits in naturalistic tasks (Rendell & Craik, 
2000). Although the paradox is widely accepted within e research community, so far, only 
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one published study has revealed the paradox within a s gle sample of young and older 
adults (Rendell & Thomson, 1999). One limitation of this study, however, was that the two 
PM tasks used in the different settings differed substantially in many potentially important 
task parameters, for example the total number of PM target times and the retrospective 
memory load, i.e. number and complexity of the required PM actions. Thus, the first aim of 
Study 1 was to replicate the age-PM-paradox within a single sample using comparable PM 
tasks in both settings. To this end, 20 young and 20 older adults performed a laboratory and a 
naturalistic PM task, which were similar in structure and requirements. For this purpose, a 
new PM task was developed for the laboratory. 
 
4.2 Do the same factors influence age-related PM performance in the laboratory 
and in the field? (Study 1) 
Recent research on the age-PM-paradox has initiated a debate on the potential 
underlying mechanisms. Recently, four alternative mechanisms which may be critical for the 
paradoxical pattern (i.e., motivation, control over memory cues, metacognitive awareness, and 
stress through competing ongoing activities) have be n suggested by Phillips et al. (2008). 
The second aim of the present thesis was to provide the first direct test of the relative 
importance of those four variables on naturalistic and lab-based PM performance. Within 
Study 1, the control over the PM cue was experimentally manipulated in the laboratory and 
the field. In addition, the other three hypothesized mechanisms under consideration as 
potential contributors to the age-PM-paradox were measured in relation to both settings and 
directly linked to the respective task. For that purpose, questionnaire-based assessments were 
used in the laboratory. To collect data in the field, participants were asked to fill out a diary 
every evening and send it back to the investigators afterwards. 
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4.3 How do shifting, updating and inhibition influence lab-based PM performance 
in young and older adults? (Study 2)  
In terms of age effects on PM performance, McDaniel and Einstein (2000) predicted 
in their multiprocess framework that age differences are likely in conditions requiring 
strategic processes. Yet, the exact nature of those c ntrolled attentional processes remains 
largely unclear and it is unknown whether specific aspects of executive control are more 
important than others in explaining age differences in PM. Studies suggest that working 
memory plays an important role in age-related PM performance (e.g. Rose, Rendell, 
McDaniel, Aberle, & Kliegel, 2010). However, even in studies where working memory 
predicted (age-related) PM performance, some “unique” age-related variance remained after 
controlling for age differences in working memory (e.g., Zeintl, Kliegel & Hofer, 2007). 
Thus, other facets of controlled attention appear to contribute to age-related PM performance. 
It was another aim of the present thesis to systematically delineate these other facets. To 
address this issue, the conceptual framework of executive functions by Miyake et al. (2000) 
was adopted and the influence of the three executive functioning facets shifting, updating and 
inhibition on age-related PM performance was tested. For this purpose, 170 young and 110 
older adults performed a battery of cognitive tests including measures of PM, shifting, 
updating and inhibition as well as working memory, speed, fluid and crystallized intelligence 
as control measures. The use of multiple indicators for all cognitive constructs made analyses 
using a latent-variable approach possible. 
 
4.4 How is lab-based PM performance in young and oler adults affected by 
emotional target cues? (Study 3) 
First studies (Altgassen et al., 2010; Rendell et a., in press) suggest that emotional 
task material may enhance PM performance in older aults. Yet, it is not clear, if this results 
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in reduced or even eliminated age effects. Furthermore, it is still under debate whether an 
emotionally enhanced memory effect or a positivity effect explains PM performance using 
emotional task material best. It was the last aim of the present thesis to explore these 
developmental and conceptual issues. For that purpose, 45 young and 41 older adults 
performed a PM task in which emotional valence of the PM cue was manipulated (positive, 
negative, neutral). Emotional cues were expected to be more salient and therefore, in line with 
the assumptions of the multiprocess framework (McDaniel & Einstein, 2000), should require 
less strategic processing and reduce or even eliminate age effects. 
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5. Study 1: Cross-validating the age-PM-paradox and exploring 
mechanisms in and outside the laboratory 
5.1 Introduction 
PM is defined as remembering to realize a planned action at a particular moment in the 
future while being engaged in an ongoing activity (Ellis, 1996; Ellis & Kvavilashvili, 2000; 
Martin & Kliegel, 2003). Everyday examples of PM are to remember to switch off the stove 
after cooking, pay utility bills in time or remembering to take medication according to 
schedule. These examples underline the importance of successful PM for maintaining 
independence and autonomy in old age and it is therefore unsurprising that researchers have 
become increasingly interested in age-related changes in this complex memory skill 
(McDaniel, Einstein, & Jacoby, 2008; Zeintl et al., 2007). 
 Recent research on this topic in normal adult aging has revealed a striking pattern of 
age-related deficits in standard laboratory based PM tasks but age-related benefits in 
naturalistic tasks, which are tasks that are carried out in the everyday life of participants rather 
than in a testing session controlled by the experimnter and are conducted over several days 
rather than the short period of a laboratory task (Phillips et al., 2008; but see Will et al., 2009) 
for different patterns in cognitively impaired older adults). The main empirical support for 
this pattern comes from a meta-analytic review on PM and aging by Henry et al. (2004) 
comparing age effects in studies that focus either on laboratory or on naturalistic PM 
paradigms. Both contradictory effects were reported as being of almost identical size (age-
related deficits in laboratory PM tasks: effect size r = -0.34 and age benefits in naturalistic 
tasks: effect size r = +0.35). This pattern has been described as 'paradoxical' (Rendell & 
Craik, 2000).  
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 The first aim of Study 1 was to replicate the age-PM paradox in a single sample using 
a laboratory and naturalistic PM task with parallel g neral constraints. This appears to be of 
particular relevance as only one published study has so far revealed the paradox in a single 
sample of young and older adults (Rendell & Thomson, 1999) (see Bailey, Henry, Rendell, 
Phillips, & Kliegel, 2010, for recent evidence that the paradox also emerges when considering 
solely naturalistic PM tasks which differ in controllability and demands of their ongoing 
tasks). In Rendell and Thomson’s study (1999), young (18-28 years), old (60-69 years) and 
old-old adults (80-92 years) were given a laboratory asks session with retrospective memory 
tasks and completion of a questionnaire in which two time-based tasks were integrated 
(stopping a clock seven minutes after starting the session and noting the time that the 
questionnaire was finished). As a naturalistic task, participants had to remember to press a 
particular sequence of keys on a Sharp Organizer at four prescribed times a day, for seven 
days. Results indicated that older adults in general were superior to young adults on the 
naturalistic PM task and inferior on the laboratory PM tasks. Furthermore, the old-old adults 
were inferior to the old adults on the laboratory tasks, but the two groups did not differ on the 
naturalistic task. One weakness of this study, however, was that the two PM tasks used in 
these different settings differed substantially in many potentially important task parameters.  
 Rendell and Craik (2000) aimed to overcome this limitation by creating parallel 
versions of laboratory and naturalistic tasks. The laboratory task took the form of a board 
game (Virtual Week) which requires participants to circuit the board seven times in a 
simulation of a week in their life, with each circuit representing a day. As they move around 
the board, participants make choices about daily activities and are required to remember to 
carry out lifelike activities (PM tasks). For the naturalistic task, the board game was translated 
back into a real-life setting (Actual Week). Even with this specific laboratory-task task that 
gave participants the opportunity to use the simulated structure of a typical day to support 
their performance, the typical pattern of age effects merged, with old outperforming young 
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on Actual Week, but more poorly than their young counterparts on Virtual Week. . However, 
only partially overlapping samples were examined (only the same older adults completed both 
tasks, while two different samples of young adults performed the virtual and actual week 
task), sequence of tasks was not counterbalanced for the older adults who performed both 
tasks (the naturalistic task was always completed second) and no information on daily 
activities was reported. 
 Recent research on the age-PM-paradox has initiated a debate on the potential 
underlying mechanisms – and specifically, which properties of naturalistic and lab-based 
tasks are critical in determining the direction of age effects. Considering previous findings, it 
can be concluded that the differential aging effects on PM tasks do not simply reflect higher 
complexity of laboratory tasks as age deficits are found even on very simple laboratory tasks 
(e.g. Huppert, Johnson, & Nickson, 2000) and age ben fits are obtained in complex 
naturalistic tasks (Rendell & Craik, 2000). In addition, although the majority of naturalistic 
tasks requires a PM response at a specific time, and most lab-based tasks require a PM 
response to a specific event, this time/event distinction cannot explain the pattern of results 
(Henry et al., 2004; Park et al., 1997; Rendell & Craik, 2000). A prominent candidate that has 
received some attention is the use of reminders. Here, it has been argued that age benefits for 
naturalistic PM tasks may occur because older adults set up external cues to act as reminders 
(e.g. Maylor, 1990; Moscovitch, 1982; Patton & Meit, 1993). However, although older adults 
have sometimes been reported to use more external cues (Jackson, Bogers, & Kerstholt, 
1988), a number of researchers have demonstrated that it would be an oversimplification to 
attribute superior PM performance in naturalistic settings to increased use of reminders 
(Maylor, 1990). Other authors also emphasize that age benefits in implementing intentions in 
naturalistic settings cannot be explained by the use of external aids (d'Ydewalle & Brunfaut, 
1996; Patton & Meit, 1993; Rendell & Thompson, 1999). 
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Recently, four alternative mechanisms which might be critical for the paradoxical 
pattern (i.e., motivation, control over memory cues, metacognitive awareness, and intervening 
ongoing activities that have to be attended to during the delay between intention formation 
and PM task performance) have been suggested in an overview chapter by Phillips et al. 
(2008) and it was the aim of Study 1 to provide the first direct test of the relative importance 
of those four variables.  
The first hypothesis tested is that the motivation to successfully complete PM tasks 
may contribute to the paradoxical pattern inside and outside of the laboratory (Moscovitch, 
1982; Rendell & Craik, 2000). Here the assumption is that the majority of young participants 
in typical PM studies are undergraduate students who complete those studies for course 
credits. Thus, the level of motivation of young participants to complete PM tasks among the 
other demands of everyday life may be relatively low (Maylor, 1993) while the motivation to 
perform well in tasks that closely mirror textbook paradigms may be stronger. In contrast, 
older adults may favour tasks carried out in their everyday life as they closely mirror 
contextual everyday experience and may be less motivated in abstract laboratory tasks that 
have little overlap with their daily experience (see also Kliegel et al., 2007, for similar 
evidence in an errand planning task). 
 The second hypothesis tested concerns the level of control participants have over the 
task. Here, the assumption is that in most naturalistic tasks the participant is more or less free 
to choose the best way to recall and implement intentions (for example, in postcard tasks, a 
typical naturalistic PM task, participants may deci which specific letter box they go to and 
to what specific time of the day they do so; Patton & Meit, 1993). In contrast, in laboratory 
tasks the experimenter usually exerts full control over the specific cues and target times and 
participants have to follow those external instructions (e.g., Einstein & McDaniel, 1990). 
Cockburn (1996) suggested that it may be rare for older adults to make spontaneous use of 
cues in that kind of PM tasks. Therefore, control of the situation in such circumstances is 
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likely to be perceived by older adults as resting in the hands of the experimenter rather than 
the participants’, which may in turn hamper their pe formance. 
 The third hypothesis tested rests on the proposal that age differences in ongoing task 
absorption may serve as a possible reason for the age PM paradox (e.g., Henry et al., 2004; 
McDaniel & Einstein, 2000). Here, the rationale is that a constitutive element of all PM tasks 
is the delay between intention formation and the point f realizing the intention (Ellis & 
Kvavilashvili, 2000). Typically, this delay is filled with ongoing activities that may vary in 
terms of how absorbed someone is in performing those activities. While most laboratory tasks 
impose a standardized ongoing activity and assess ongoing task absorption by ongoing task 
performance, the ongoing activities occurring in everyday life are much more variable. In 
fact, and this is the key issue for the third hypothesis, there may be systematic age differences 
in the demands of those daily ongoing activities betwe n young and older adults. This is 
because the majority of older participants are retired, whereas the majority of young 
participants are students. This could have strong effects especially for performance in 
naturalistic tasks as retirement might result in less demanding ongoing activities and possibly 
more available time to devote to setting up strategies and carrying out PM tasks in everyday 
life for older adults, while young adults might be confronted with more daily stressors 
(Phillips et al., 2008, but see Bailey et al., 2010 for inconsistent results). In line with this 
reasoning, diary studies have shown that young adults report a higher amount of everyday 
stress than older adults and also perceive their str ssors as more severe (Almeida & Horn, 
2004; Sliwinski et al., 2006). From the laboratory perspective, this assumption dovetails with 
the notion of the multiprocess framework on PM (McDaniel & Einstein, 2000), in which one 
of the central tenets is that absorption in the ongoing task may affect PM performance. 
Indeed, Kvavilashvili (1987) demonstrated that the proportion of participants that reported 
thinking about a previously formed intention decreased with increasing degree of interest 
elicited by the ongoing activity. However, to date th re have been no investigations of age 
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differences in the susceptibility to absorbing (lab and daily) ongoing task performance and it 
may well be that the systematic difference in the structure of the ongoing activities in lab 
versus naturalistic settings may be associated with the paradox. 
 The fourth hypothesis tested follows up on the idea that metacognitive awareness 
could play an important role in age-related PM performance in general (Kliegel, McKinley et 
al., 2008). Here, the assumption is that participants with a better prediction of their actual 
performance are able to better invest in the appropriate strategies (see similar findings in the 
domain of learning, e.g., Thiede, Anderson, & Therriault, 2003; Vrugt & Oort, 2008). As 
older adults have more experience in naturalistic PM tasks they might evaluate their 
performance in those settings more precisely and might then initiate proper strategies to 
achieve an optimal level of performance. In reverse, th  same might hold for young adults in 
laboratory settings as they will be more familiar for the young age group. 
 In sum, the first aim of Study 1 was to cross-valid te the age PM paradox 
within a single sample. The second aim was to empirically explore the relative importance of 
four recently proposed factors that may be associated with the direction of age effects inside 
and outside of the laboratory. 
 
5.2 Method 
Participants and Design 
The sample consisted of 40 participants: 20 young adults (4 males, 16 females, M = 
21.5 years, SD = 2.26, range 18-25) and 20 older adults (12 males, 8 females, M = 68.55 
years, SD = 4.66, range 61-79). All young adults were undergraduate students from the local 
university, who volunteered in exchange for partial course credit. All older adults were retired 
volunteers, whose effort was reimbursed with money. Exclusion criteria were current physical 
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and mental health problems. Inclusion criteria were th  possession of a mobile phone and 
basic knowledge about sending text messages. Three old r adults were less familiar with 
sending text messages and therefore got an additional briefing from the experimenter. 
In terms of general cognitive abilities, the two age groups differed in both crystallized 
and fluid intelligence in the anticipated directions. Crystallized intelligence was assessed with 
a German vocabulary test (MWT; Lehrl, 1977). There was a trend for older adults (M = 33.05, 
SD = 1.23) to attain higher scores than young adults (M = 32.05, SD = 1.96; t (38) = 1.93, p = 
0.06). Fluid intelligence was indexed using the Digit-Symbol-task (Wechsler, 1981), with 
young adults obtaining significantly higher scores (M = 66.59, SD = 13.64) than older adults 
(M = 46.24, SD = 9.96; t (32) = 4.97, p < 0.001).  
Procedure and Tasks 
Each participant was asked to complete two PM tasks: One in the field and one in the 
laboratory. The tasks across these two different settings were designed to be parallel in 
structure and task constraints. Therefore a new PM task was developed for the laboratory, 
which was similar to the naturalistic task. The different PM tasks were completed in 
counterbalanced order. Participants starting with the naturalistic task attended a previous 
meeting at the university, where they were instructed how to perform the task. During this 
session, in addition to receiving PM instructions for the naturalistic task, participants 
completed a demographic questionnaire in addition to the tests of crystallized and fluid 
intelligence described previously. The group starting with the laboratory PM task performed 
the cognitive tests after the laboratory PM task and received the instructions for the 
naturalistic task at the end of the session. The four hypothesized mechanisms under 
consideration in the present study as potential contributors to the age-PM paradox were also 
measured in relation to both settings and directly linked to the respective task (for details see 
below). 
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PM task: laboratory. For the laboratory PM task, participants had to remember to 
press a specified key on the computer keyboard and type in the letter “a” at two specific target 
times during each of three distinct ongoing task blocks presented in counterbalanced order, 
and consequently a total of six PM responses had to be remembered. Each block lasted twelve 
minutes. In each block one target time was externally given, the second one could be chosen 
freely. Other than the requirement that one target time be in the first half of each block, and 
the second target time be in the second half, the arrangement of the given target times was 
randomized. A clock showing the elapsed time could be invoked on the computer screen at 
any point in each block by pressing a pre-specified computer key. In line with previous 
studies (e.g., Aberle et al., 2010; Kliegel et al., 2005) a time window (here of six seconds or 
less) before and after the target time was used to classify responses as correct PM answers. 
The three different ongoing tasks were selected in order to engage older participants in 
activities they know from their everyday life to avoid a general effect of (un-)familiarity in 
older adults caused by abstract material (Ellis & Kvavilashvili, 2000). Thus, participants were 
asked to watch a documentary, read a journal article or sort a deck of cards in a prespecified 
order. To assess ongoing task performance, questions about the content were administered 
after the documentary and the article. (Participants were informed prior to watching the video 
and reading the article about this). For the card tsk, sorting errors were recorded. The order 
of the tasks was counterbalanced across participants.  
PM task: naturalistic. In line with Aberle et al. (2010), participants were asked to send 
two text messages per day with the content “a” at pre-s ecified target times to the investigator 
across three consecutive days (totalling six). Again one target time was set by the 
experimenter, the second by the participant. One text message had to be sent during the 
morning, one in the afternoon. The dates were arranged in the laboratory meeting before the 
naturalistic task started. In accordance to the labor tory task, entries six minutes or less before 
and after the prescribed time were classified as corre t PM answers. 
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Possible mechanisms. In addition to experimentally manipulating target time control 
and quantifying ongoing activity absorption, in the laboratory several other variables were 
measured via questionnaire-based assessments. To collect data in the field, participants were 
asked to fill out a diary every evening and send it back to the investigators afterwards. All 
variables were not only measured in relation to the PM tasks but also with regard to ongoing 
activities to avoid an emphasis of the PM task. In the present analyses however, only 
variables central for testing our hypotheses will be focused upon. 
Motivation was measured with a five point rating scale with 5 = not motivated and 1 = 
very motivated. Participants had to evaluate how motivated they were to conduct the task 
correctly previous to every ongoing task block in the laboratory and o  every day in the field. 
Daily activity absorption was measured using a visual analogue scale. Every e ning 
during the naturalistic task, participants were asked to state their daily activities and after that 
rate how much stress they had perceived during the morning and afternoon. Both ratings were 
added and summed up over the three days. Ongoing activity absorption was considered as the 
equivalent to daily activity absorption in the laborat ry and – in keeping with most of the 
literature – estimated by computing an ongoing taskperformance score collapsed across the z-
standardized results of the three ongoing tasks. 
In line with previous studies (e.g., Nelson & Dunlosky, 1991) participants predicted 
the probability of successful future PM performance (i. ., 0%, 20%, 40%, 60%, 80%, or 
100% correct), with these estimates used as a measure of metacognition. Predictions had to be 
given separately after the instruction for every ongoi g task in the laboratory and after the 
instructions for the naturalistic task. The differenc  between prediction and performance in 
percent was used as an index of metacognitive awareness into ones own PM ability. 
Data analyses 
 The statistical package SPSS-17 for Windows was used for data analysis. Independent 
t-tests were run to test for mean level age differences in the possible mechanisms (motivation, 
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daily/ ongoing activity absorption and metacognitive awareness), both concerning the 
laboratory as well as the naturalistic task. Effect sizes were calculated for every significant t-
test result as Cohen’s d (Cohen, 1988), that is, the standardized mean difference in 
performance between pretest and posttest (pre-posttest difference divided by the pooled 
standard deviation). 
 Mean level age differences in PM performance in the laboratory and the naturalistic 
task were analyzed with a 2 x 2 (age x task setting) repeated measures ANOVA. To further 
explore interaction effects independent t-tests were used as planned comparisons to separately 
test for age-related PM performance differences in the laboratory and the naturalistic task, 
respectively. 
 The effect of level of control over PM target times on age-related PM performance 
was tested with a 2 x 2 (age x level of control) ANOVA, both in the laboratory and the 
naturalistic task, respectively. The possible associati n of the remaining postulated 
mechanisms was explored by statistically covarying for variance related to the respective 
factors in each PM task. 
 
5.3 Results 
Descriptive statistics 
The first step involved analyzing age differences in motivation, daily/ ongoing activity 
absorption and metacognitive awareness by testing the directional hypotheses stated in the 
introduction. Results revealed that young adults repo t d more daily activity absorption in the 
diaries (M = 64.04, SD = 33.35) than old adults (M = 18.33, SD = 18.41; t(35) = 5.12, p < 
0.001, Cohen’s d = 1.70; Cohen (1988) defines effect sizes of 0.2 as small, 0.5 as medium, 
and 0.8 as large), while young adults (M = 0.42, SD = 0.53) performed better on the ongoing 
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task in the laboratory relative to old adults (M = -0.42, SD = 0.63; t(38) = 4.54, p < 0.001, d = 
1.44). Concerning motivation, there was a trend of higher motivation for older adults (M = 
1.60, SD = 0.65) than young adults (M = 1.35, SD = 0.44; t(37) = 1.39, p = 0.09, d = 0.45) in 
the naturalistic task, but no group differences in the laboratory task (t(38) = 0.59, p = 0.28). 
Furthermore no group difference was obtained in metacognitive awareness in the laboratory 
(t(38) = 1.09, p = 0.14), but older adults showed a better prediction of their performance (M = 
12.33, SD = 11.04) than young adults (M = 22.50, SD = 15.18) in the naturalistic task (t(38) = 
2.42, p < 0.01, d = 0.77). 
 In a second step, age differences in PM performance in the laboratory and the 
naturalistic task were analyzed with a 2 x 2 (age x task setting) repeated measures ANOVA. 
There was a highly significant interaction effect be ween age and task setting, F(1, 38) = 
15.28, p < 0.001, indicating that age effects differed across the two settings (see Figure 2).  
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Figure 2. PM performance in lab-based and naturalistic tasks for both age groups. Number of 
correct responses out of six. Error bars represent th  standard error (SE). 
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Subsequent planned comparisons revealed that older adults outperformed young adults in the 
naturalistic PM task, t(38) = 2.22, p < 0.05, d = 0.7 while young adults showed better PM 
performance in the laboratory PM task, t(38) = 2.70, p < 0.01, d = 0.85, confirming the 
paradox in one sample using parallel task constraints. 
Exploring the paradox 
 In a third step, the influence of level of control in PM was tested with two ANOVAs, 
one on laboratory and one on naturalistic PM performance. There were main effects for age 
(F(1, 38) = 7.31, p < 0.01) and level of control (F 1, 38) = 5.54, p < 0.05) for the laboratory 
PM performance showing a better overall PM performance for the young adults and that both 
age groups benefitted substantially when they could freely choose the target times. The 
interaction effect did not reach significance, F (1, 38) = 2.24, p = 0.14. Concerning the 
naturalistic PM task, there was only the main effect or age (older adults performing better 
than young adults as reported above), F(1, 38) = 4.91, p < 0.05. The main effect for level of 
control (F (1, 38) = 0.20, p = 0.66) and the interaction effect (F 1, 38) = 0.78, p = 0.38) did 
not reach significance. 
 In a fourth step, the influence of the remaining variables was explored by statistically 
covarying for variance related to the respective factors in each PM task. (All formal stages 
preceding the ANCOVAs for both task settings were analysed and revealed appropriate 
results (homogeneity of regression, all p’s > 0.2; correlations between variables, all p’s < 
0.05)). 
 Laboratory PM task. As revealed by an initial ANOVA, there was an effect of age 
group on PM performance in the laboratory PM task indicating that young adults showed a 
better performance (F = 7.31, p < 0.01, ηp
2 = 0.16). The following ANCOVAs showed that 
the age effect was substantially reduced (by 50% to ηp
2 = 0.08) and no longer reached 
significance only when covarying for ongoing task performance (for the F values and effect 
sizes see table 1). 
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Table 1 
Changes in F Values and ηp
2 Concerning the Age Effect, after Covarying for thePossible 
Mechanisms for Both Task Settings 
Age effect in: 
PM performance in the 
lab-based task 
PM performance in the 
naturalistic task 
 F Value ηp² F Value ηp² 
Original ANOVA 7.31** 0.16 4.91* 0.11 
Age effect when covarying… 
     Motivation 7.11* 0.16 2.84 0.07 
     Ongoing activity absorption 3.16 0.08 0.10 0.00 
     Metacognitive awareness 21.05*** 0.36 3.68 0.10 
* p < 0.05. ** p < 0.01. *** p < 0.001. 
 
 Naturalistic PM task. As revealed by an initial ANOVA, there was an effect of age 
group on PM performance in the naturalistic PM task indicating that older adults showed a 
better performance (F = 4.91, p < 0.05, ηp
2 = 0.11). The following ANCOVAs showed that 
covarying metacognitive awareness and motivation markedly reduced the age effect by 36 % 
(motivation) and slightly reduced it by 9 % (metacognitive factors) respectively, no longer 
reaching significance in both cases (for the F values and effect sizes see table 1). However, 
only covarying daily activity absorption had a strong effect and completely eliminated the age 
effect (F < 1). Considering the decrease in ηp
2, daily activity absorption totally explained the 
age related variance in PM performance in the naturalistic task (see Table 1). 
 
5.4 Discussion 
The first aim of Study 1 was to confirm the age PM paradox within one sample and 
extend previous literature by using two tasks with ell-matched parallel task constraints and 
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counterbalancing order of administration. The data cle rly showed the paradoxical pattern - as 
predicted, older adults outperformed young adults in a naturalistic PM task, while young 
adults showed better PM performance in a laboratory PM task. This result underlines the 
reliability and validity of this pattern and demonstrates that the paradox extends to more 
typical task designs in addition to former studies. Rendell and Thomson (1999) were the first 
and so far only study demonstrating the paradox within one sample that was tested in the 
laboratory and in their everyday life (although see Bailey et al. (2010) for evidence of the 
paradox in different PM tasks carried out in participants’ everyday lives). However, Rendell 
and Thomson used two very simple time-based tasks in the laboratory that were integrated in 
the test session. Extending this approach, the laboratory PM task used in the present study 
offered a wider performance range and (by using standardized ongoing tasks) the opportunity 
to control for ongoing task performance. In addition, the naturalistic task applied in Rendell 
and Thomson’s study could be seen as somewhat artifici l and it was reported that a 
significantly larger number of young adults had difficulties in keeping the organizer with 
them than the elderly. In this regard a major advantage of the present work is that sending text 
messages is something all participants knew as a normal everyday activity, participants were 
familiar with taking their mobile phones with them and reported no problems in doing so. 
Thus, PM errors did not result from forgetting the PM recording device altogether but from 
using it at the appropriate times. Finally, while th  laboratory and the naturalistic tasks used in 
Rendell and Thomson’s (1999) study differed from each other in their general requirements, 
the present tasks were parallel in structure. Participants had to remember to fulfil two PM 
entries of the same content in each 12 minutes lasting block in the laboratory (one in the first 
and one in the second half) and to send two text messages in a 12 hour time slot each day 
(again one in the first and one in the second half). 
 Rendell and Craik (2000) investigated the paradox with analogue naturalistic and 
laboratory tasks, but performance in both tasks was ex mined only in older adults and not 
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counterbalancing task administration; thus the high naturalistic task performance could have 
been influenced by test repetition effects. Furthermore, contrary to Rendell and Craik’s (2000) 
approach, the present study used activities that young and old adults knew from their 
everyday life as ongoing tasks in the laboratory (e.g., watch a documentary, read a journal 
article) and as the naturalistic task (send text messages). Another important difference is that 
the tasks in Rendell and Craik’s (2000) study were only hypothetical. It is possible that it 
makes a difference, if an action has to be performed or only stated. Of course future research 
is needed to confirm this assumption. Furthermore, participants had a greater level of control 
by freely choosing the target times for half of theresponses. While this allowed for possible 
use of strategies such as choosing the date of birth as a time or the same target time in every 
block/ day, the absence of any interaction between age and level of control suggests that level 
of control as operationalised in the present study is independent from age effects. 
 This leads to our second aim, the exploration of the relative importance of four 
recently proposed factors that may be associated with the direction of age effects inside and 
outside of the laboratory. The present pattern strongly suggests that partly different variables 
may be crucial for understanding age effects in these different settings: The age deficit in the 
laboratory PM task was mainly related to higher ongoing activity absorption. Concerning the 
PM performance in the naturalistic task, the present results support the suggested 
mechanisms by Phillips et al. (2008). The age benefit was associated with higher motivation 
and better metacognitive self-assessment of ones own PM abilities in older adults. However, 
remarkably the most important mechanism seemed to be daily activity absorption, as 
covarying for this variable eliminated the age effect completely. This highlights the need for 
further research that explores the mechanisms underlying this effect. As delineated in the 
introduction we argue that this effect of ongoing task absorption reflects the systematic 
differences in activities young and older adults are f ced with during the delay between 
intention formation and intention realisation. In the present study we assessed that effect 
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measuring subjectively perceived task involvement via stress ratings. Arguably, this is only 
one aspect of processes associated with ongoing task absorption and future studies will have 
to disentangle the factors and processes underlying th s effect. However, findings from stress 
research support that daily stressors and perceived str ss may have those effects on cognition 
(e.g., Sliwinski et al., 2006). Thus, possible candidates for further investigation include the 
physiological correlates of stress as high doses of stress hormones are associated with 
impaired memory retrieval (Roozendaal, McEwen, & Chattarji, 2009) and/or associated 
cognitive processes as stress leads to a reduced amount of available attention and increased 
intrusive thinking (Sliwinski et al., 2006). 
These findings appear to have important conceptual implications. Specifically, the 
factor identified to be of importance for the age deficit in the laboratory (ongoing task 
absorption; specifically attentional resources in adu l-task situation) is one that can be related 
to normative physiological changes. Thus, it seems that the age deficit in laboratory PM tasks 
may reflect limited cognitive resources (i.e. dual task attentional control). In turn, data suggest 
that there is only limited scope in laboratory environments to use strategies and benefit from 
experience even in contextualized task settings. 
 In sharp contrast, a different picture emerged for the naturalistic PM task. Here, factors 
that are subject to voluntary control or short term intervention appeared to play an important 
role. Older adults benefited from their higher motiva on and better metacognitive self-
awareness. Hence, the naturalistic task setting appeared to have offered them the opportunity 
to use their knowledge and their personal strengths and strategies.  
 The findings are especially interesting from an applied perspective, because they show 
that (healthy) older adults are indeed able to perform complex cognitive tasks in everyday life 
despite deficits in the laboratory. This suggests that complex daily activities for which an 
intact PM performance is needed such as organising work or managing finances can still be 
fulfilled despite an age-related decline of cognitive functioning; if motivation is high enough, 
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one is aware of one’s cognitive strengths and weaknsses and does not have too many 
intervening activities to cope with.  
 Possible limitations of the present study comprise the sample size. However, even with 
this rather small experimental study the critical age PM paradox could be reliably confirmed 
and, even more importantly, obtained effects were la ge effects in terms of Cohen’s d. A 
further limitation is the correlative structure of part of the data set and thus the examination of 
some of the mechanisms has to remain exploratory; hwever, as the present study is the first 
to comprehensively explore the main variables that have been conceptually suggested in the 
literature, it can serve as initial empirical evidenc  for which of the many factors discussed 
are promising candidates for future research. Follow up studies will have to corroborate our 
results using experimentally controlled designs with higher power and focusing on specific 
factors revealed as particularly important by the present study. 
 Another issue that will need further attention in future studies is the multifaceted 
nature of ongoing and daily activity absorption. While all other possible mechanisms were 
assessed in close parallel structure for the laboratory and the naturalistic task, daily activity 
absorption and ongoing activity absorption arguably are assessed by somewhat different 
measures. While ongoing activity absorption is a direct performance measure, daily activity 
absorption is a subjective measure. However, our main conceptual point is that the ongoing 
task was originally introduced to PM paradigms in the lab by Einstein and McDaniel (1990) 
in their seminal paper in order to simulate the demanding activities one is occupied by in daily 
life. Thus, what McDaniel and Einstein’s (2000) multiprocess framework calls ongoing task 
absorption (and what is usually measured by ongoing task performance in the lab) is referring 
to those processes that keep a participant busy during the delay between intention formation 
and the prospective target time (e.g., finishing to mark student papers before the deadline 
while having to remember to call someone at 3pm). As there is no comparable formal task in 
everyday life that could be assessed in terms of ongoing task performance scores, we argue 
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that the amount of stress experienced by those daily activities may be one of the closest 
parallel variables available to laboratory ongoing task involvement. Nevertheless, as these 
two factors turned out to be very important in the pr sent analyses, further research is needed 
to clarify which aspects of these factors are mostly driving the effects. 
Taken together, the present study helps elucidate the current debate about which 
properties of naturalistic and lab-based tasks may be critical in determining the direction of 
age effects, and suggests that different factors may be involved in both settings. Amongst our 
findings, clearly one effect stood out that warrant fur her attention: Everyday stress appears to 
be a particularly important determinant of age benefits in naturalistic PM tasks. 
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6. Study 2: The role of shifting, updating and inhibition in age-
related PM performance 
6.1 Introduction 
PM refers to those processes that are associated wih the formation and delayed 
realisation of intended actions (Kliegel, McDaniel et al., 2008), such as remembering to pay 
an electricity bill on time or to send a birthday card to a friend. PM tasks are prevalent in 
everyday life and it has been reported that errors in PM may account for more than half of 
daily memory problems (Crovitz & Daniel, 1984). In li e with its ubiquitous nature studying 
the effects of age on PM performance has received increasing attention, because PM failures 
can hamper autonomy and independence in old age; e.g. problems in remembering to turn off 
the oven or to take medication may increase the need for external assistance and care to 
prevent those everyday PM failures (Einstein & McDaniel, 1996).  
 Data on PM performance across the lifespan indicate an inverted U-shaped function 
with an increase of PM performance across childhood and adolescence and a decline in late 
adulthood (Kliegel, McKinley et al., 2008; Zöllig et al., 2007). One of the core issues in the 
current developmental debate is the question of which developmental mechanisms may be 
underlying this descriptive pattern. Two prominent candidates that have received some 
attention are the role of episodic (retrospective) m mory (Zimmermann & Meier, 2006; Zöllig 
et al., 2007) and the need for controlled attention (McDaniel & Einstein, 2007; McDaniel, 
Einstein & Rendell, 2008; Kliegel, McKinley et al., 2008). Over the last decade, several 
studies have consistently demonstrated that retrospective memory for the intended action 
appears not to be the dominating factor in explaining age differences in PM; especially in 
adulthood (e.g., McDaniel & Einstein, 2007; McDaniel et al., 2008; Kliegel et al., 2000; 
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Zimmermann & Meier, 2006). What is less clear is the role of controlled attention in age-
related PM performance (McDaniel & Einstein, 2007). 
 The conceptual rationale for predicting an important role of controlled attention in 
age-related PM performance is based on the multiprocess theory of PM (McDaniel & 
Einstein, 2000). It assumes that PM retrieval may rel  on either attention-demanding or on 
relatively automatic processes. The first possible route supposes that an involuntary 
associative memory system may enable relatively automatic retrieval of the intended action 
(Guynn, McDaniel, & Einstein, 2001). Here, no strategic monitoring for the cue is necessary 
as the intended action is automatically brought to mind, establishing a low cognitive resource-
demanding pathway (Brandimonte, Ferrante, Feresin, & Delbello, 2001; Einstein et al., 2005). 
The alternative route implies that retrieval of a delayed intention may be a voluntary, strategic 
process, mediated by the executive attentional system, which monitors the environment for 
the target cue and interrupts the ongoing activity at the appropriate moment. This monitoring 
would likely ensure successful PM performance, but at the same time requires attentional 
resources (Smith, 2003; Smith & Bayen, 2004). In terms of age effects on PM performance, 
McDaniel and Einstein (2000) predicted that age effcts in PM will interact with any factors 
that modulate the degree to which either strategic and attentional resources are required by a 
specific PM task or that determine a PM task relying more on the automatic route. 
Specifically, it was predicted that age differences are likely in conditions demanding for 
strategic processes, and that conditions that are favourable to automatic retrieval of the 
intended action will not show robust age differences. Factors proposed to determine these 
conditions are characteristics of the PM task target cu  (e.g, cue saliency), ongoing task 
difficulty and individual differences. Empirical evidence for this theoretical assumption 
comes from studies showing that age effects are larg r in PM tasks that require high levels of 
controlled attention, whereas age differences tend o be reduced when the demands on self-
initiated retrieval are minimized (for meta-analytic reviews, see Henry et al., 2004; Kliegel, 
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Jäger et al., 2008). However, up to now, the exact n ture of those controlled attentional 
processes remains largely unclear and it is unknown whether specific aspects of executive 
control are more important than others in explaining age differences in PM.  
 Rose et al. (2010) have addressed this issue in a recent study comparing the role of 
working memory capacity versus vigilance in age-related PM performance. Their results 
clearly indicate that working memory but not vigilance was related to PM performance in 
older adults. With respect to vigilance, this pattern is corroborated by earlier studies looking 
at young adults’ PM (Brandimonte et al., 2001; Einstein & McDaniel, 2008). Previous studies 
on the role of working memory in (age-related) PM have produced an inconsistent pattern of 
results. Some studies did not find a reliable associati n between working memory and PM 
(Breneiser & McDaniel, 2006; Einstein et al., 2000, Experiment 3; Maylor, 1990; West & 
Craik, 2001, Experiment 2); however, a substantial umber of studies found that the amount 
of age variance in PM was significantly reduced after controlling for working memory 
performance (Cherry & LeCompte, 1999; Einstein et al., 2000, Experiment 2, Reese & 
Cherry, 2002; Rose et al., 2010; West & Craik, 2001, Experiment 1). Nevertheless, even in 
studies where working memory predicted (age-related) PM performance, some “unique” age-
related variance remained after controlling for agedifferences in working memory (Zeintl et 
al., 2007). Thus, other facets of controlled attention appear to be (also) at work in age-related 
PM and it was the aim of the present study to systema ically delineate the role of controlled 
attention in age-related PM performance.  
 To address this issue, the present research was guided by current models of controlled 
attention / executive functions. In general, the term xecutive functions describes processing 
related to goal-directed, non-routine behavior or the control of complex cognition (Banich, 
2009). Moreover, executive function tasks share the common characteristic of recruiting 
frontal brain areas (Alvarez & Emory, 2006). In thecurrent study, we adopted the conceptual 
framework of executive functions from Miyake et al. (2000) and used their model to 
UNDERSTANDING AGE-RELATED PROSPECTIVE MEMORY PERFORMANCE  48 
6. Study 2: The role of shifting, updating and inhibition  in age-related PM performance 
disentangle the role of controlled attention in age-PM. Miyake et al. (2000) have identified 
three facets of executive functions, namely shifting, updating and inhibition. Shifting 
concerns switching between multiple tasks or mental sets. Updating requires actively 
manipulating relevant information in working memory b  monitoring incoming information 
for task relevance and then revising the items heldin working memory by replacing older 
information with newer, more relevant information. I hibition constitutes the ability to 
deliberately inhibit prepotent or conflicting responses when necessary and to shield working 
memory from distractors.  
 Besides the conceptual prediction of controlled attention being involved in PM, as 
stated by the multiprocess framework, the possible individual role of the three distinct 
executive functions in PM may also be justified by a task analysis of common PM tasks: PM 
tasks are typically defined by three characteristics: a delay between the formation of the 
intention and its execution, the absence of an explicit reminder for the appropriate initiation, 
and the need to interrupt one’s ongoing activities to carry out the delayed intention (Ellis & 
Kvavilashvili, 2000). Thus, while working on a PM task, the environment has to be monitored 
for the appropriate cue to initiate the intended action and therefore working memory has to be 
updated accordingly. When the cue is encountered, th  ongoing activity has to be inhibited, 
and a switch must be made from the ongoing task to the PM task. Hence, all three facets of 
executive functions appear to be critically involved in successful PM; yet, somewhat 
surprisingly no study has so far systematically examined their respective effect on PM in 
general or age differences in PM in particular.  
Especially the latter is remarkable, as several lines of research indicated age-related 
decline in several aspects of executive functions. Fir t, neuroscience research suggests 
executive functioning declines with age, with associated frontal brain areas showing reduced 
efficiency in old adulthood (Raz, 2005), more precis ly studies suggested relations between 
working memory performance in aging and the dorsolateral (Rypma & D’Esposito, 2000) and 
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orbital frontal areas (Salat, Kaye, & Janowsky, 2002).  This pattern is mirrored in several 
behavioral studies targeting age differences in executive functions; specifically in switching 
(e.g. Kray & Lindenberger, 2000; Mayr & Liebscher, 2001), updating (e.g. Van der Linden, 
Bredart, & Beerten, 1994; Verhaegen & Basak, 2005) and inhibition (e.g. Bélanger, 
Belleville, & Gauthier, 2010; Belleville, Rouleau, & Van der Linden, M., 2006; Bugg, 
DeLosh, Davalos, & Davis, 2007).  
 Consistent with these findings from cognitive aging research, the available empirical 
evidence on the role of executive functions in age-related PM so far appears to suggest that 
executive functions performance may mediate age diff rences in PM. For example, using 
clinical neuropsychological tasks, Martin et al. (2003) found that planning, resistance to 
interference, and mental flexibility, but not age, predicted PM performance in two standard 
PM tests, while both executive functions and age predicted performance in a complex multi-
intention PM task, which requires planning and the ex cution of several intended actions. 
Inhibition also mediated age effects in PM performance in a study by West and Craik (2001, 
Experiment 1). A study examining only older adults showed that participants with above-
average scores on neuropsychological tests associated with frontal functioning showed better 
PM performance relative to older adults with lower scores (McDaniel et al., 1999). Further 
evidence for the assumption that executive functions can explain performance differences 
comes from studies examining special populations with PM difficulties. For example, shifting 
and PM performance showed a significant correlation in i dividuals with Parkinson’s disease 
(Costa, Peppe, Caltagirone, & Carlesimo, 2008), executive functions (shifting, fluency, 
planning) were further related to PM performance in individuals with schizophrenia (e.g. 
Ungvari, Xiang, Tang, & Shum, 2008; Wang et al., 2008) and finally inhibition shared 
substantial variance with PM performance in a study comparing former and actual 
methamphetamine-users (Rendell, Mazur, & Henry, 2009). 
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Taken together, only few studies have so far explored the role of executive functions 
in PM performance in general and in age differences in particular. Those few studies available 
have focused on single aspects and/or used single, clinical measures of executive functions 
that mostly blur the effects of different executive function processes. Thus, the aim of the 
present study was to extend the literature by investigating the role of three major facets of 
executive functions on age-related PM performance ad to do so by using multiple indicators 
for each construct. Furthermore, fluid and crystallized intelligence as well as cognitive speed 
and working memory capacity were assessed as control measures. 
 
6.2 Method 
Participants 
 The sample consisted of 280 participants: 170 young adults (M = 23.2; SD = 3.5; 
range: 18-39) and 110 older adults (M = 66.0; SD = 3.7; range: 57-77). All young adults were 
undergraduate students from the local university, who volunteered in exchange for partial 
course credit or a small monetary reward. All older adults were volunteers, whose effort was 
reimbursed with money. Exclusion criteria were history of or current physical and mental 
health problems. The two age groups did not differ with respect to gender distribution, χ2(1) = 
1.83, p = .18, and years of education, t(270) = -.91, p = .37. In terms of general cognitive 
abilities, the two age groups differed in both crystallized and fluid intelligence in the 
anticipated directions. Crystallized intelligence was assessed with a vocabulary test in which 
older adults (M = 31.50, SD = 2.04) attained significantly higher scores than young adults (M 
= 30.54, SD = 2.11; t (272) = -3.64, p < .001). Fluid intelligence was indexed using a speeded 
version of the matrices-test (Raven, 1998), with young adults obtaining significantly higher 
scores (M = 12.10, SD = 1.93) than older adults (M = 8.28, SD = 2.12; t (281) = 15.56, p < 
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0.001). Present data are part of a broader research project to examine executive control and 
complex cognition in young and older adults. 
Materials and procedure 
 In two sessions of approximately 2h each, participants were individually administered 
a battery of cognitive tasks which were partly computerized and partly paper-pencil based and 
presented in the same pseudo-randomized order for all participants. Each session included a 
short break. After informed consent was obtained, a sociodemographic questionnaire was 
given to the participants. They were asked to fill it out at home and return it at the second 
testing session. Thereafter, the tests followed, which are described in detail below. If required, 
data were arcsine-transformed to better approximate normality. 
PM and executive functions measures 
 PM tasks. Two event-based nonfocal PM tasks were administered, both of which 
consisted of a practice phase for the ongoing task,followed by the PM task in which three PM 
cues were presented. Stimuli were presented until a response was registered or a timeout of 3s 
was reached, after which the next trial was presentd. In both tasks, the proportions of correct 
responses to PM trials were used as dependent variables. The ongoing task in the first PM 
task was to decide which of two words, presented side by side on the computer screen, 
contained more syllables; responses were given by pressing one of two pre-specified keys on 
the computer keyboard. When one of the two words was a verb, this was the PM cue and 
participants had to remember to press a different ky as the PM response. 
In the second PM task, the ongoing task consisted of semantic category judgments. In 
an ongoing activity trial, two words were presented side by side on the computer screen. The 
word pairs were presented in six different colours (red, green, yellow, blue, grey and 
magenta). The participants’ task was to decide whether the two words belonged to the same 
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(e.g., mango - banana) or a different (e.g., shoe - milk) semantic category. When a blue word 
was presented, the PM response was required.  
Executive function tasks.  
Updating. Two of the three updating tasks reported by Miyake et al. (2000) were used: 
The keep-track and letter-memory tasks. In each of overall 5 trials of the keep-track task, an 
intermixed list of 15 words each from one of 6 semantic categories was presented 1500 ms 
apiece on the computer screen with the target categories remaining at the bottom of the 
screen, and participants were instructed to remember the last exemplar from each target 
category. At the end of each trial, these last exemplars had to be recalled. The number of 
categories increased over trials from 2 to 4. As 2-3 exemplars from each target category were 
presented in each trial, a correct response requires several instances of successful updating of 
working memory during a trial. The mean proportion of correctly recalled words across five 
trials was used as the dependent variable.  
In a trial of the letter-memory task, a list of letters was presented serially for 1500 ms 
per letter. Participants’ task was to recall the last three letters of each list. Given that list 
length varied between 5 and 9 and was not known to participants in advance, this task 
required constant updating of working memory contents throughout the trial. The participants 
performed 12 trials for a total of 36 letters recalled. The mean proportion of correctly recalled 
letters across 12 trials was used as the dependent variable.  
 Inhibition. In addition to the antisaccade task used by Miyake et al. (2000), we used a 
Simon task (Simon & Berbaum, 1990) as a second indicator of inhibition. In a trial of the 
antisaccade task, participants first fixated the center of the screen, where a fixation point was 
presented (its duration varied unpredictably between 1 and 3 s). When a cue appeared on one 
side of the screen, participants were instructed to shift their gaze to the opposite side, where, 
shortly (225 ms) after the cue, an arrow was briefly presented (100 ms) and then masked. 
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Participants were instructed to identify the direction in which the arrow was pointing (left, up, 
or right) by pressing one of three response buttons. Correct identification was only possible 
when the gaze was immediately shifted in the direction opposite to the cue. A total of 92 trials 
were presented. The proportion of correct responses (i.e., trials in which participants correctly 
discriminated the target that was presented opposite to the cue) was used as the dependent 
variable. 
In a trial of the Simon task, after an initial central fixation, a right (left) arrow was 
presented in a central location (i.e., neutral condition), on the right (left) side (i.e., congruent 
condition), or on the left (right) side of the screen (i.e., incongruent condition). Participants 
were asked to indicate the direction in which the arrow was pointing (independent from its 
screen position) by pressing a right or left respone key. Inter-trial interval was 500 ms; a total 
of 120 trials were presented. The difference in mean r ction time (RT) between correct 
responses in the incongruent and congruent conditios was computed as the dependent 
variable. 
 Shifting. To assess shifting, we used two well-established tasks from the task-
switching literature: the category-switch task (Friedman et al. 2006; Mayr & Kliegl, 2000), 
using semantic material, and the color-shape task (Friedman et al. 2006), using geometric 
objects. These tasks tap the same underlying construct – shifting – as the tasks used by 
Miyake et al. (2000): participants are required to shift between two tasks during their 
processing of a set of bivalent stimuli (i.e., stimuli on which both tasks can be performed). 
 In the category-switch task, words denoting objects or animals of small or large size 
had to be classified either as small (coin) versus large (lion) or as living (horse) versus non-
living (table). The current classification task was indicated with stimulus presentation. In two 
homogeneous blocks of 28 trials, either size or living/non-living classifications were required. 
In a mixed block of 80 trials, type of classification task varied unpredictably between trials.  
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In the color-shape task, blue or red circles or triangles had to be classified either as 
blue versus red or as circle versus triangle. The homogeneous blocks consisted of 26 trials and 
the mixed block consisted of 82 trials. In all other r spects, the color-shape task was identical 
to the category-switch task. As in Miyake et al. (2000), unspecific switch costs were used as 
the dependent variables for both tasks, computed as the difference in mean RT between the 
mixed block and the two task-pure blocks. 
Control variables 
 Working memory capacity. To assess working memory capacity, we used two 
established working memory span tasks, reading span(D eman & Carpenter, 1980) and 
counting span (Engle, Tuholski, Laughlin, & Conway, 1999). In the former, participants had 
to read and evaluate the semantic coherence of simple sentences, one at a time, and memorize 
their last word until they were asked, after two to five sentences, to recall the to-be-
memorized words in order of their presentation.  
In the counting span task, instead of evaluating setences, participants counted the 
number of dark blue circles in a display that also contained light blue circles and dark blue 
squares. The counts in each display were to be memorized until, after two to five counting 
displays, they were to be recalled in order. The number of targets per display varied from 
three to nine. The number of colour distractors (light blue circles) and the number of shape 
distractors (dark blue squares) was also varied. For each task, three practice trials and eight 
critical trials were administered; memory load varied between two and five items. The partial-
credit unit scores (PCU; see Conway et al., 2005) were chosen as dependent variables because 
of their high internal consistency.  
 Cognitive Speed. Two established tasks were used to assess cognitive speed: the 
identical-pictures and number-comparison tasks (Ekstrom et al., 1976). The number of 
problems that were correctly solved within the given time served as the dependent variable. In 
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the identical-pictures task, participants had to compare simple line drawings. A target line 
drawing was presented on the left, along with a number of similar drawings on the right that 
served as the response options, one of which was identical to the one on the left. Participants 
were instructed to press the response button associated with the identical drawing.  
In the number-comparison task, two numbers (with number of digits varying between 
trials) had to be compared that were presented side by side in the center of the screen. 
Participants were instructed to decide as fast as pos ible whether the numbers were identical 
or not. In both tasks, a time limit of 90 s was imposed, and participants were instructed to 
solve as many problems correctly as possible out of a maximum of 90 problems. 
 
6.3 Results 
Descriptive statistics 
 Results revealed reliable age differences in the exp cted direction (age decline) in all 
cognitive variables (see Table 2) with all ps < .05. Cohen’s d (Cohen (1988) defined effect 
sizes of 0.2 as small, 0.5 as medium, and 0.8 as large) varied between 0.27 and 2.08; the 
largest age effects were obtained in Updating, Shifting, Speed and the Simon task measuring 
Inhibition. 
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Table 2 
Participants’ Mean Scores and Standard Deviations on the Neuropsychological Tests as a 
Function of Age Group (Young vs. Older Adults) 
Young adults Older adults t value Cohen’s d 
Neuropsychological tests 
M SD M SD   
PM 1 (syllable task) 0.60 0.49 0.35 0.49 4.02*** 0.51 
PM 2 (semantic task) 1.23 0.47 1.09 0.57 2.14* 0.27 
Updating 1  
(keep-track task) 
0.77 0.18 0.65 0.15 6.09*** 1.25 
Updating 2  
(letter-memory task) 
1.11 0.28 0.82 0.24 8.45*** 1.11 
Inhibition 1  
(antisaccade task) 
1.05 0.22 0.94 0.20 4.05*** 0.52 
Inhibition 2  
(Simon task) 
-23.69 33.00 -113.43 53.43 15.44*** 2.02 
Shifting 1  
(category-switch task) 
-477.82 256.10 -756.78 228.92 8.97*** 1.15 
Shifting 2  
(color-shape task) 
-735.21 215.67 -1011.34 246.17 9.30*** 1.19 
Working memory 1  
(reading span task) 
0.94 0.25 0.83 0.27 3.15** 0.42 
Working memory 2 
(counting span task) 
0.96 0.24 0.84 0.20 4.12*** 0.54 
Speed 1  
(identical-pictures task) 
36.03 5.21 25.95 4.44 16.91*** 2.08 
Speed 2  
(number-comparison task) 
22.60 4.78 18.17 4.01 8.19*** 1.00 
*p < .05. ** p < 0.01. *** p < 0.001. 
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Predicting PM performance  
Regression analyses. We computed regression analyses separate for both age groups in 
which the constructs of speed, working memory, shifting, updating, inhibition, and PM were 
represented as the combined means of their two respective individual indicator variables. 
Overall PM performance (combined means of both PM tasks) served as the dependent 
measure. In order to examine whether nonexecutive or executive measures were associated 
with variance in PM, a hierarchical regression analysis was conducted. As predictors, speed 
and working memory were included in a first step. In a second step, the executive measures 
inhibition, switching and updating were included. The results are summarized in Table 3. 
 
Table 3  
Hierarchical Regression Predicting PM in Young and Ol er Adults 
Young adults Older adults 
Predictors 
ß R² ∆ R² ß R² ∆  R² 
Step 1  .07 .07**  .10 .10** 
     Working memory .11   .03   
     Speed .26**   .52**   
Step 2  .14 .07**  .19 .09* 
     Working memory .11   .04   
     Speed .12   .39*   
     Updating -.08   -.19   
     Inhibition .23   .13   
     Shifting .31***   .37**   
*p < .05. ** p < 0.01. *** p < 0.001.  
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The regression analysis in the first step considering working memory and speed 
showed that these measures explained 7% of the overall a iance in PM performance in the 
young adults and 10% in the older adults. Only speed was a significant predictor in both age 
groups at that point. In the second step, when all cognitive measures were considered as 
predictors at once, shifting was revealed to be the only significant predictor for PM 
performance in young adults, while speed remained a significant predictor besides shifting in 
the older adults. The inclusion of the executive measures lead to significant increase of 
explained variance (∆R²) in young (∆R² = .07, p < .01) and older adults (∆R² = .09, p < .05).  
In a second model the order of predictor entry was changed. Importantly, if the 
executive function measures were entered in the regr ssion analysis first, the inclusion of 
speed and working memory in a second step did not lead to significant contributions to the 
proportion of explained variance in PM in young adults (∆R²= .02, p = .15) and older adults 
(∆R² = .05, p = .07). 
Predicting age differences in PM 
 Three analytical approaches were chosen to address th  developmental question of 
whether executive function facets predicted age diff rences in PM. 
Median split approach 
 First, to explore age-related PM performance, older a ults were divided by median 
splits into two groups of high versus low capacity for each cognitive measure (working 
memory, speed, inhibition, updating, switching). PM performance of these two old age groups 
and the group of young adults was then compared using ANOVAs. The rationale of this 
analysis rests on the prediction that age differences in PM should be reduced or eliminated 
between young adults and high capacity older adults in case a specific cognitive resource may 
be associated with developmental change in PM. As expected, results showed a significant 
overall group effect for each comparison with all Fs > 6.9, ps < .05. Furthermore, post-hoc 
tests (Scheffé) revealed an interesting differential pattern: Older adults with high capacity in 
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speed, inhibition and shifting did not differ in their PM performance from young adults 
whereas this was still the case for older adults wih high capacity in working memory and 
updating (see Figure 3 for all post-hoc test results).  
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Figure 3.Participants’ mean scores and standard errors in PM as a function of age (old vs. 
young) and performance group within the older adults (low vs. high) for each cognitive 
variable. 
Mediation approach 
 To more directly test the meditational hypotheses that age deficits in PM may be 
mediated by the executive functions facets inhibition, updating and/or shifting, Sobel tests 
were computed (Preacher & Hayes, 2004; Sobel, 1982). To avoid possible distortions due to 
violations of normality, we computed bootstrap confidence intervals in addition to z-tests; 
bootstrap results corroborated z-test results in most cases and are reported only where they 
diverged.  
 Overall sample. The age effect was fully mediated by shifting (p < .001); the direct 
effect of age was no longer significant, p = .29. The other executive functions did not mediate 
the age effect (inhibition p = .09, updating p = .69). 
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 Separate analyses for young and older adults. Consistent with the above findings, in 
young adults, the age effect was partly mediated by shifting (indirect effect size = -.17, p = 
.01 as indicated by bootstrap results). The direct effect of age remained significant (p = .04). 
Other mediations were not found (inhibition p = .58, updating p = .90). 
 Within the group of older adults, the mediation effect of shifting was of similar 
magnitude as in the young group (-.14) but, due to the smaller sample size, just failed to reach 
significance (p = .05 as indicated by bootstrap results). The direct effect of age just remained 
significant (p = .048). Other mediations were not found (inhibition p = .91, updating p = .86). 
Structural Equation Modeling 
 As a final approach, we applied SEM to our data. As a starting point, we used the 
three-factor SEM model reported by Miyake et al. (2000). To the three-factor model, PM was 
added as a latent variable (see Figure 4). We applied this model in a single analysis to the data 
from both age groups separately. The model showed a good fit, Chi²(28) = 30.5, p = .34, CFI 
= .98, TLI = .966, RMSEA = .018. All variables could be identified as latent variables. 
 
 
Figure 4. Relations of PM with elementary executive functions. 
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Correlations between latent constructs 
 In a first step, relations between executive functions and PM were computed, 
separately for young and older adults. In both age groups, there were substantial relations 
between shifting and PM factors, as well as between inhibition and PM, but not between 
updating and PM (see Table 4).  
 
Table 4 
Correlations Between Latent Constructs (see Figure 4) 
Variable 1 2 3 4 
  
 Overall 
1. Shifting ---    
2. Updating .70** ---   
3. Inhibition .73** .87** ---  
4. PM .70** .30* .66** ---  
  
 Young adults 
1. Shifting ---    
2. Updating .38 ---   
3. Inhibition .24 .60* ---  
4. PM .62* .10 .53* ---  
  
 Older adults 
1. Shifting ---    
2. Updating .68* ---   
3. Inhibition .38 .57 ---  
4. PM .58* .10 .53 ---  
* p<.05. ** p < 0.01. 
 
 This pattern was confirmed by a series of model comparisons. Compared with the 
initial model, goodness-of-fit was significantly worse when the covariance between shifting 
and PM was set equal to zero, delta Chi²(2) = 24.62, and also when the covariance between 
PM and inhibition was set equal to zero, delta Chi²(2) = 18.63, both ps < .001, but not when 
the covariance between updating and PM was set equal to zero, delta Chi²(2) < 1 ns. 
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6.4 Discussion 
Study 2 revealed several major results: First, age effects were confirmed in PM. Second, 
medium to large age effects were found in the measur s of executive functions. Third and 
most importantly, a comprehensive set of statistical approaches suggests that executive 
function facets differently predict (age effects in) PM and shifting seems most influential. 
 The first result of age effects in PM performance is in line with the PM literature (e.g. 
Henry et al., 2004; Kliegel et al., 2008; Zimmermann & Meier, 2006), especially as both PM 
tasks were tasks using nonfocal cues. Nonfocal PM tasks are those in which the PM cue is not 
part of the information being extracted in the service of the ongoing activity (e.g., keeping 
words in working memory while remembering to press a button whenever the background of 
the screen shows a particular pattern; Park et al., 1997). Here, according to the multiprocess 
framework, PM is thought to require executive attention to carry out extra monitoring for the 
cue and thus, the multiprocess framework predicts age differences; which is what we found. 
As a second result, age effects were also found in all three executive function facets, 
which also largely replicates previous results (e.g. Bélanger et al., 2010; Mayr & Liebscher, 
2001; Verhaegen & Basak, 2005). However, see Verhaeghen et al. (Verhaeghen & Cerella, 
2002; Verhaeghen & De Meersman, 1998) for differentiate results, which suggest that age 
deficits may not always be found in measures of controlled attention and might be limited to 
tasks involving the maintenance of two distinct mental task sets. 
Our main question, however, was whether and which fa ets of executive functions 
may be predictive for PM performance in young and older adults beyond basic cognitive 
resources (i.e., working memory, speed). In other words, which executive function facets may 
be associated with the controlled attentional processes predicted to be required for non-focal 
PM? Regression analyses showed that the inclusion of executive function measures as 
predictors (in addition to working memory and speed) l  to a higher amount of explained 
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variance in PM for young and older adults. More specifically, shifting ability played a 
particularly important role, as this was the only significant single predictor in young adults 
and also significant with a high β weight in older adults. Moreover, when executive function 
predictors were entered, cognitive speed no longer si nificantly predicted PM in young adults. 
It remained however to be a relevant predictor, besides shifting, in older adults. This finding 
is in line with the processing-speed theory of adult age differences from Salthouse (1996), 
which suggests speed as a key cognitive resource in older adults and also with empirical 
findings supporting this assumption by showing thatspeed is a very strong predictor for age 
differences in various cognitive tasks (e.g. Lindenb rger, Mayr, & Kliegl, 1993). 
From a developmental perspective, it is particularly interesting to extend the analytical 
angle towards examining age differences in PM. Therefore, a comprehensive set of statistical 
approaches was used to explore this issue. First, a median split approach showed that older 
adults with high levels of shifting were as good as young adults concerning their PM 
performance. The same held for older adults with hig  levels of inhibition and speed, but not 
for older adults with high levels of working memory and updating. This finding suggests that 
shifting ability influences age differences in PM as well as inhibition and speed, while 
updating of the task content may not be a major aspect explaining age effects in PM in the 
present study. That working memory besides updating was the second cognitive construct 
measured that did not seem to influence age differences further corroborates the validity of 
the previous conclusion, as working memory and updating are conceptually close.  
Second, the mediation approach supported the important role of shifting as the 
decisive executive function facet for explaining age effects in PM, as the age effect was fully 
mediated by shifting. Importantly, the pattern remained in separate analyses for young and 
older adults. Finally, applying SEM, correlations between latent variables of PM and 
executive functions also supported the general resuts, as shifting showed the highest 
correlation with PM overall as well as in separate analyses with young and older adults. While 
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all three executive function facets correlated with PM in the whole sample, only shifting and 
PM correlated in older adults and inhibition and shifting correlated significantly with PM in 
young adults.  
Taken together, results indicate that executive functio s are important predictors of 
PM in young and older adults beyond working memory and speed (Zeintl et al., 2007); 
specifically, the ability to shift between tasks appears to be the essential aspect of cognitive 
control involved in age-related PM performance. Inhibition might also play a role, but results 
are less clear here. The strong influence of shifting might be traced back to the requirement of 
PM tasks to shift back and forth between mental sets of he ongoing and the prospective task. 
In terms of theory development, the present results make an important contribution to the 
refinement of the assumptions from the multiprocess theory of PM (McDaniel & Einstein, 
2000) as they suggest that not a broad construct of controlled attention plays an important role 
for age effects in PM, but that more precisely shifting and inhibition may be the essential 
aspects of controlled processing.  
From a broader conceptual perspective, the finding that shifting as basic cognitive 
ability may underlie performance in more complex cognitive tasks like PM also fits in with 
recent training studies showing that task switching training in older adults leads to close and 
far transfer effects in different cognitive measure (Karbach & Kray, 2009). The findings 
suggest that shifting seems to be an important executiv  control process with the potential to 
influence more complex tasks requiring this executive function resource. Further research is 
needed to support this assumption also for PM. However, the present results showed that it is 
important to consider executive functions separately in connection with age-related PM, 
because different executive function facets appear to have different impact on performance; 
global measures might therefore disguise actual reltionships. Future research will have to 
follow up on the present findings, which give first insight into which facets of executive 
functions are involved in controlled PM processes and which aspects of controlled attention 
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seem to be less influential. Particularly, it will be interesting to see whether executive function 
facets are differentially involved in different phases of PM (intention formation, intention 
initiation or execution) as discussed by Ellis (1996).  
 Two additional effects shall be briefly acknowledg. First, conceptually important, 
the present study is only the third study in PM research that used a multiple indicator 
approach and examined PM as a latent construct. In line with Salthouse, Berish and Siedlecki 
(2004) and Zeintl et al. (2007), the present data nicely confirm the convergent and 
discriminant validity of PM even in the face of a comprehensive battery of executive function 
tests. This demonstrates PM as a separate memory construct and suggests that PM is related 
to, but not identical with, executive control.  
 From a developmental perspective, it is interesting to note that the mediation approach 
suggested an age effect also within the age group of young adults only. Thus, it appears to be 
that executive functions development continues after dolescence and across the tested age 
range from 18 to 39 years (but note that only seven out of 170 young participants were above 
age 30). This finding is in line with recent findings showing that executive functions may 
continue to develop across young adulthood (De Luca et al., 2003; Luciana, Conklin, Hooper, 
& Yarger, 2005) and stresses the need to further explore the development of executive 
functions at the end of the traditional adolescence age bands and extend those studies towards 
the group of young adults, which has been widely neglected so far. 
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7. Study 3: Effects of emotional target cues on PM performance in 
young and older adults  
7.1 Introduction 
PM refers to memory for intended actions to be performed in the future, such as 
remembering to take medication on time (Einstein & McDaniel, 1996). PM tasks are 
characterized by a delay between the formation of an intention and its execution in the 
absence of an explicit reminder. In laboratory PM tasks, participants are involved in an 
ongoing task, that must be interrupted to carry out the intended action (Ellis & Kvavilashvili, 
2000). Different ways to measure PM performance exist according to the cue that signals the 
appropriate moment to initiate the planned action (Ei stein & McDaniel, 1996). Event-based 
tasks demand the performance of an intended action after the recognition of an external cue in 
the environment, while in time-based tasks the action has to be performed after a certain time 
has elapsed or at specific points in time. 
Researchers in the area of cognitive aging have becom  increasingly interested in age 
differences in PM, because PM errors account for more than half of everyday-memory 
problems and are crucial for the development and maintenance of independent living (Crovitz 
& Daniel, 1984; Terry, 1988), particularly in old age (McDaniel, Einstein, & Rendell, 2008). 
Moreover, everyday PM tasks help us to maintain social relations (e.g., remembering to send 
a birthday card), while others are associated with independence and autonomy (e.g., 
remembering to pay a bill on time).  
So far, age effects have been reported to be larger in PM tasks that require high levels 
of controlled processing, while age differences tend to be reduced when the demands on self-
initiated retrieval are minimized (Henry et al., 2004). That is, paradigms in which the PM 
target cue is not focal to the ongoing task usually produce larger age-effects than tasks in 
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which the target cue is focally processed as part of the ongoing activity (Kliegel, Jäger et al., 
2008). Focal PM tasks are those in which the ongoing task involves processing the defining 
features of the PM cue (e.g., keeping words in working memory while remembering to press a 
button whenever a specific word appears; Einstein & McDaniel, 1990). By contrast, non-focal 
PM tasks are those in which the PM cue is not part of the information being extracted in the 
service of the ongoing task (e.g., keeping words in working memory while remembering to 
press a button whenever the background of the screen shows a particular pattern; Park et al., 
1997). In non-focal tasks, prospective remembering is thought to require executive attentional 
resources in order to carry out extra monitoring for the cue to perform the intended action 
(McDaniel & Einstein, 2005). 
The rationale for these studies, and for exploring the role of controlled processing in 
age-related PM performance, mainly rests on predictions from two theoretical frameworks: 
First, the multiprocess framework by McDaniel and Einstein (2000, 2007) assumes that PM 
cue retrieval may depend on more or less attention-demanding processes. As the ability to use 
controlled attention-demanding processes declines with age, PM tasks that require such 
controlled processes should show larger age effects. A cording to the multiprocess 
framework, the extent to which prospective remembering relies on more or less controlled 
processes varies as a function of the characteristics of the PM task, the ongoing task, and 
individual differences. With regard to characteristics of the PM task, one important variable 
suggested by this model is the distinctiveness of the target cue. The more distinct the PM 
target cue, the less strategic monitoring is assumed to be required, which in turn should result 
in reduced age effects. The second theoretical framework is the preparatory attention and 
memory processes theory (PAM; Smith, 2003, 2008; Smith & Bayen, 2004) which suggests 
that PM performance relies on the amount of cognitive capacity devoted to preparatory 
attentional processes. In order to correctly respond t  PM target events, attentional resources 
must be devoted to monitoring for the PM cue. The amount of these resources is thought to be 
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smaller for salient and distinct cues. Thus, both theoretical frameworks suggest that less 
monitoring resources are needed when distinct instead of non-distinctive PM cues are used, 
which should enhance PM performance. Indeed, studies testing these predictions showed that 
PM performance in young and older adults was significantly better when a cue was presented 
in a distinctive format compared to a non-distinctive format (Cohen et al., 2003; Einstein et 
al., 2000).  
So far, studies have mostly focused on physical targe  cue features to vary 
distinctiveness (e.g., Brandimonte & Passolunghi, 1994; Cohen et al., 2003; Einstein et al., 
2000). Other dimensions of distinctiveness that have been tested are the content of the 
specific cue, for instance presenting low-meaningful words as targets (Einstein & McDaniel, 
1990; McDaniel & Einstein, 1993) or its emotional vence (Altgassen et al., 2010). The latter 
dimension may be especially relevant in the context of cognitive aging. While a wide variety 
of cognitive functions decline with age (e.g., see Zacks et al., 2000, for a review), emotional 
experience and emotion regulation remain largely intact or even improve across adulthood 
(Blanchard-Fields, 1998). Given these different developmental trajectories, there has been a 
growing interest in the interactions between cognitio  and emotion in the aging mind 
(Carstensen & Mikels, 2005). A common finding is a preferential treatment of positive 
information over negative information with advancing age, the so-called positivity effect 
(Charles et al., 2003). This effect has been reportd in studies on attention, memory, and 
decision making (Grühn et al., 2007; Isaacowitz et al., 2008; Löckenhoff & Carstensen, 2007; 
Mather & Carstensen, 2003; Schlagman et al., 2006); yet, its reliability is under debate 
(Murphy & Isaacowitz, 2008). The finding, however, that emotional information (with either 
positive or negative valence) is processed preferentially (e.g., more rapidly, better 
remembered, etc.) than neutral information by both y ung and older adults, is largely 
uncontroversial. The effect that emotional stimuli per se are more salient than neutral stimuli 
and lead to better memory performance has been termed the emotionally enhanced memory 
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effect (Talmi et al., 2007). This effect has been observed in young adults (e.g., Kensinger & 
Corkin, 2003; Ochsner, 2000) and seems to remain intact in older adulthood (e.g., Denburg et 
al., 2003; Gruhn et al., 2005). This leads to the prediction that according to both models of 
PM, the multiprocess framework (McDaniel & Einstein, 2000) and the PAM theory (Smith & 
Bayen, 2004), emotional and therefore salient targe cu s should reduce age effects in PM. 
So far, only two studies (Altgassen et al., 2010; Rendell et al., in press) explored the 
role of emotional cue or action valence (positive and negative) compared to neutral ones for 
PM performance in young and older adults. Focusing on action valence, Rendell et al. tested 
young and older adults with an amended version of the PM task Virtual Week (Rendell & 
Craik, 2000), which takes the form of a board game, with each circuit representing a day. As 
participants move around the board, they make choices about daily activities and are required 
to remember to carry out lifelike activities (the PM tasks). The emotional salience of the PM 
tasks at encoding was manipulated to be positive, negative, or neutral in content. Furthermore, 
each task was presented with a photo from the Interna ional Affective Picture System (IAPS; 
Lang, Bradley, & Cuthbert, 2005) at encoding. For instance, the negative PM task "go to the 
dentist at 10 a.m." was shown with a negatively rated picture of a dentist. A positivity effect 
was observed for both age groups, with more positive event-based PM tasks being performed 
more accurately relative to both negative and neutral tasks. Of particular interest was an 
interaction of valence and age. Although young participants were more accurate than older 
participants across all three valence conditions, the magnitude of the age difference was 
smallest for positive event-based PM tasks.  
Focusing on cue valence, Altgassen et al. (2010) also used the IAPS-stimuli, with a 
one-back working-memory task as ongoing task and pre efined positive, negative, and neutral 
IAPS-pictures as PM cues. Older adults exhibited significant impairment in the condition with 
neutral cues. However, no age effects were observed wh n the PM task involved emotional 
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targets, irrespective of their valence (positive or negative). Hence, emotionally salient cues 
facilitated older adults’ PM performance, thereby eliminating age-related differences.  
 While both studies suggest that emotional PM task material (i.e. target cues or actions) 
may enhance PM performance and reduce age differencs, important questions remain that 
will be addressed by the present research. These questions concern different components of 
PM, and the dissociation of possible valence-effects on these components.   
 Becoming aware at the appropriate moment tha  one had an intention is referred to as 
the prospective component of a PM task. Its retrospective component, on the other hand, 
involves retrieval of the intended action from long-term memory (remembering what must be 
done) and recognition of the target (remembering when something must be done) (Einstein & 
McDaniel, 1996). As successful performance in PM tasks requires monitoring for the PM cue 
and remembering the intention as well as distinguishing PM targets from distractors 
(recognition memory), an important question regarding age differences in PM is whether 
older adults are more impaired in one component of the task compared to the other. As a 
novel conceptual contribution, the present work is the first to address this question in the 
context of emotional PM.  
 In several studies, researchers have sought to disentangle age effects on the two PM 
components via experimental design and relying on observable performance measures. 
Einstein et al. (1992) varied the number of PM targets to explore if age differences in 
prospective remembering increase with higher retrospective memory load, which indeed was 
the case. Other studies compared performance in separat  prospective and retrospective 
memory measures, with mixed results (e.g., Brandimonte & Passolunghi, 1994; but see Reese 
& Cherry, 2002). Cohen and colleagues (2001; Cohen et al., 2003) developed a dual-response 
design to experimentally separate the prospective and retrospective component and found 
greater age differences for the prospective component. The studies by Cohen et al. extracted 
an observable part of the retrospective component, amely remembering what had to be done, 
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but not the retrospective information when the action had to be performed (i.e., target 
recognition). A limitation to these design-based approaches is that they use directly 
observable variables only. Smith and Bayen (2004) introduced a multinomial processing tree 
(MPT) model of event-based PM to examine the underlying processes during the performance 
interval, and to disentangle the recognition-part of the retrospective component from the 
prospective component. The present study will utilize this approach to address its conceptual 
question of possibly differential effects of age and valence on both PM components.  
 In MPT modeling, it is generally assumed that cognitive processing involves a set of 
discrete internal states (Riefer & Batchelder, 1988). The probability of a certain state is 
described by parameters that are estimated from observed response frequencies via maximum-
likelihood parameter estimation (Hu & Batchelder, 1994). MPT models are flexible tools that 
have been successfully applied in numerous domains of cognitive psychology (see Erdfelder 
et al., 2009, for a review). The MPT model of event-based PM, which we used, provides 
independent estimates for the two core components underlying performance in event-based 
PM tasks, namely the prospective component and the re rospective component (i.e., 
recognition memory for targets vs. nontargets). Themodel also includes estimates of ongoing-
task ability (i.e., detection of different trial types in the ongoing task), and guessing. While 
former studies on the effects of emotional target cu s on PM performance in young and older 
adults used observable PM accuracy measures only (Altgassen et al., 2010; Rendell et al., in 
press), which blurred the effects on both components, the present study is the first to examine 
valence effects in each underlying process. Moreover, even in the case of behaviorally 
nonobservable age- or valence-differences in PM performance, it is still possible that there is 
a change in the underlying components. For example, compared to the neutral condition, an 
emotional cue could reduce the prospective component, but enhance the retrospective 
component. Both effects may trade off and thus leadto comparable performance as measured 
by prospective-memory target hit rate.  
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 The MPT model can be applied in laboratory experimnts in which PM targets are 
embedded in two-choice ongoing-tasks. In the present study, the ongoing task required color 
matching (cf. Smith & Bayen, 2006, for previous application with older adults). On a color-
matching task trial, participants saw a sequence of col red rectangles. After presentation of 
these rectangles, a probe word was presented in a color. The participants had to decide 
whether the color of the probe word matched the color f one of the preceding rectangles. As 
an embedded PM task, participants had to remember to press a certain key instead of their 
usual ongoing-task response when particular PM targe  words occurred (e.g., the word prison, 
as an exemplar with negative valence).  
 There are four possible trial types when a PM taskis embedded in an ongoing color-
matching task. As seen in Figure 5, the MPT model of PM (Smith & Bayen, 2004) joins four 
different processing trees that correspond to these four trial types. For each trial type, latent 
processes lead to one of three possible observable responses that are Match (i.e., decision that 
the color of the word matches one of the previously shown rectangles), Nonmatch (i.e., 
decision that the color of the word does not match ny of the previously shown rectangles), or 
PM (i.e., decision to carry out the intended action). The top tree on the left of Figure 5 depicts 
the cognitive processes assumed to occur upon presentation of a target trial with color-match. 
In the upper half of this tree, parameter C1 represents the probability of correctly detecting he 
color of the item as a match (ongoing-task detection). With probability P (the prospective 
component), participants engage in processes that lead to the retrieval of the intention that 
another action must be performed on target trials. Note that with targets that are nonfocal to 
the ongoing task, this component likely involves preparatory attentional processes (McDaniel 
& Einstein, 2007; Smith, 2010). 
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Figure 5. The multinomial processing tree model of event-based PM for three responses. PM 
= PM; C1 = probability of detecting a color match; C2 = probability of detecting that a color 
does not match; P = prospective component; M1 = probability of detecting that a word is a PM 
target; M2 = probability of detecting that a word is not a PM target; g = probability of guessing 
that a word is a target; c = probability of guessing that the color matches. 
 
 The target word is correctly recognized with probability M1 (the retrospective 
recognition-memory component), resulting in a PM response. If the target is not recognized 
with probability 1 – M1 (recognition-memory failure), participants guess that t e word is a 
target (with probability g), or guess that it is not (with probability 1 – g). If processes for the 
retrieval of the intention to perform the PM task do not occur, with probability 1 – P (failure 
of the prospective component), a PM response will not be given; in this case, retrospectiv  
memory does not come into play. Still, the word is etected as a color match, resulting in a 
Match response. The case in which the color of the item s not detected as a match, with 
probability 1 – C1 (ongoing-task failure), is captured in the lower half of the processing tree. 
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Participants may engage in processes leading to intent on retrieve (with probability P; 
prospective component) and correctly recognize the item as a target (with probability M1; 
retrospective recognition component), leading to a PM response. If the word is not recognized 
as a target, participants guess (with probability g) or do not guess (with probability 1 – g) that 
the word is a target. In the latter case, there is a probability c to guess that the color of the 
word matches and a complementary probability 1 – c that its color does not match. Given a 
failure of the prospective component (1 – P), participants guess (c) or do not guess (1 – c) that 
the color of the word is a match, leading to a M tch or a Nonmatch response, respectively. 
The second tree on the left side represents trials with a PM -target word, but its color does not 
match (target, nonmatch trial). It is identical with the first tree, except for parameter C2, the 
probability to detect that the color of a word does not match one of the colors in the preceding 
set of rectangles. The third and fourth trees on the right side represent nontarget match trials 
and nontarget nonmatch trials, respectively. The parameter M2 in these last two trees 
represents the probability to correctly recognize that a word is not a PM target.  
 The model with seven free parameters is not identifiable. Therefore, theoretically 
motivated restrictions on ancillary parameters must be imposed (Smith & Bayen, 2004). 
During an experiment, individuals usually calibrate th ir guesses to the perceived ratio of 
items, known as probability matching (cf. Spaniol & Bayen, 2002). Following this 
assumption, guessing parameter c is set to the ratio of match to nonmatch trials in the 
experiment (i.e., c = .5), and guessing parameter g is set to the ratio of PM targets to distractor 
items (i.e., g = .09 in the present study). A further constraint is imposed on the M parameters 
by assuming that PM targets and nontargets are equally well recognized (i.e., M1 = M2; for 
further explanation, see Smith & Bayen, 2004). The resulting model with four free parameters 
(P, M, C1, C2), is globally identifiable (cf. Smith & Bayen, 2004).  
 In prior work with this model, its predictions provided an adequate fit to the observed 
data (e.g., Smith & Bayen, 2005; Smith, Bayen, & Martin, 2010), and its parameters have 
UNDERSTANDING AGE-RELATED PROSPECTIVE MEMORY PERFORMANCE 75 
7. Study 3: Effects of emotional target cues on PM performance in young and older adults 
been successfully validated (Horn, Bayen, Smith, & Boywitt, in press; Smith & Bayen, 2004). 
 Besides conceptual improvements using a multinomial odel, the present study 
addresses several questions arising from former studies. From a developmental perspective, it 
is unclear whether emotional task material may reduc  or even eliminate age effects. From a 
conceptual perspective, it is further unclear, whether an emotional enhancement effect or a 
positivity effect explains PM performance in older adults using emotional task material best. 
With regard to both issues, the two existing studies (Altgassen et al., 2010; Rendell et al., in 
press) came to different results.  
 To address these developmental and conceptual issues in the present study, we used a 
nonfocal PM task (Smith & Bayen, 2006) with words (Võ et al., 2009) instead of pictures. We 
controlled the words for valence, arousal, imagery, and word frequency. Thus, it could be 
assured that possible effects are due to valence differences not arousal differences.  
We hypothesized that young adults’ PM performance is higher than older adults’ in 
general and that PM performance increases with emotionally valent cues in both age groups. 
Furthermore, we expected an interaction between age and cue-valence, indicating that age 
effects differ across valence conditions. That is, age effects should be reduced or even 
eliminated when an emotional, and therefore salient, cue is used. We went beyond accuracy 
measures with the help of multinomial modeling and we examined whether possible age or 
valence effects are due to the prospective component, the retrospective component, or both.  
7.2 Method 
Participants 
The samples included 45 young adults (30 female, ag M = 23.00, SD = 3.27, range 18 
to 30 years) and 41 older adults (22 females, age M = 68.15, SD = 5.06, range 60 to 80 years) 
who were native speakers of German. The young adults were undergraduate students and 
volunteered in exchange for partial course credit. All older adults were retired volunteers who 
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lived independently, and received monetary compensation for participation. Exclusion criteria 
were current physical and mental health problems, colour deficiency, failure to recall task 
instructions and less than 50 % correct ongoing task performance. Results in Table 5 show 
that young and older adults did not differ in self-rated general health, t(84) = 1.94, p = .06, 
and initial mood (as measured by the Positive and Negative Mood Scale, PANAS; Watson, 
Clark, & Tellegen, 1988), t(84) = -1.08, p = .28, but in years of education, t(83) = 11.76, p < 
.001.  
 
Table 5 
Demographic Data for the Young and Older Adults 
Young adults (N = 45) Older adults (N = 41) 
Demographic data 
M SD M SD 
Age 23.00 3.27 68.15 5.06 
Self-rated health   4.24   .61   3.90   .97 
Years of education 12.98   .85   9.66 1.65 
Initial mood 16.76 6.81 18.51 8.22 
Note. Health was measured on a five point rating scale with 1 = very bad and 5 = very good. 
Initial mood was measured with the PANAS (Watson et al., 1988). Positive scores indicate 
better mood. 
 
PM Task and Materials 
 We embedded a nonfocal PM task in an ongoing color-matching task. Young and 
older adults’ data from this paradigm were successfully modeled with the MPT model in prior 
studies (Smith & Bayen, 2004, 2006). In the color-matching task, participants saw a series of 
four colored rectangles displayed one by one in the center of a black computer screen, 
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followed by a word, displayed either in one of those four colors or in a different color. As in 
previous studies, we used the colors blue, green, red, white, and yellow for this task. Each 
color occurred only once per trial. Participants indicated whether or not the color of the word 
matched one from the previous set of four by pressing the V or M key for “yes” and “no”, 
respectively. This key-response mapping was counterbalanced across participants, and 
approximately one half of the participants received the reverse mapping. Each colored 
rectangle was shown for 500 ms, followed by a blank black screen for 250 ms. The word at 
the end of the trial was presented until a response was given. In one half of the trials (match 
trials), the color of the word was one of the four colors shown in the preceding set. In the 
other half of the trials (nonmatch trials), the word was shown in a color that had not been 
shown in the preceding set. When the color of the word matched one of the four in the 
preceding set, the color of the word was randomly se ected from the four possibilities. The 
order of match and nonmatch trials was random, as was the selection of colors for each trial.  
 For the PM task, participants were asked to remember to press the space bar if they 
saw one of five target words during the color-matching trials. This PM task can be considered 
nonfocal, as the semantic meaning of the word which is decisive for a correct PM response is 
not part of the perceptual surface information (word color) being extracted in the service of 
the ongoing task (see McDaniel & Einstein, 2005). All participants worked on three task 
blocks. Each block consisted of 112 trials, with a short break (60 s) after 56 trials. One third 
of the filler words in each block were positive, one third was negative, and one third was of 
neutral valence. The five target words within a block had the same emotional valence (either 
negative, positive, or neutral). The order of the tree valence blocks was counterbalanced. 
Thus, each participant worked on one PM task block with five negative cues, on one block 
with five positive cues, and on one block with five n utral cues, while the distractor words 
within each block varied in emotional valence. All target and distractor words were presented 
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twice within a block, once before and once after th s ort break. Thus, ten PM target events 
occurred per block.  
 195 words from the Berlin Affective Word List Reloaded (BAWL-R; Võ et al., 2009) 
were used as verbal material. The BAWL-R comprises 2902 words and provides ratings on 
valence, arousal, and a range of psycholinguistic indices. On the basis of those ratings, we 
selected nouns and matched them on arousal, imageability, word frequency, and number of 
syllables (see Appendix A). Thus, the words only differed in valence. In addition, participants 
were asked for valence ratings at the end of the session. These ratings confirmed that 
participants in the present study evaluated the words in the three different valence categories 
as intended: Nouns chosen in the positive valence category were rated significantly higher (M
= 2.29, SD = .49) than nouns in the neutral category (M = 0.00, SD = .54), t(85) = 32.51, p < 
.001. Likewise, the words chosen for the negative-val nce category (M = -2.33, SD = .64) 
were rated significantly lower than words in the neutral category, t(85) = 29.99, p < .001. 
These ratings are in line with the norms provided by Võ et al. (2009; see Appendix A). As the 
norms provided by Võ et al. were only derived from young adults’ ratings, we tested possible 
age differences to ensure that older participants did not differ from young adults in their cue 
evaluation. Results show a significant main effect of valence (F (2, 168) = 1497.85, p < .01, 
ηp² = .95) but no main effect of age, nor an interaction (all Fs < 1). Post-hoc analyses within 
the age groups showed that older adults rated the positive cues (M = 2.28, SD = .48) 
significantly higher than the neutral cues (M = 0.00, SD = .61), t(40) = 22.17, p < .01, d = 
3.46. The negative cues (M = -2.38, SD = .58) were rated significantly lower (t(40) = 20.27, p 
< .01, d = 3.16) than the neutral cues. The same held for young adults (positive cues: M = 
2.30, SD = .50; negative cues: M = -2.28, SD = .68; neutral cues: M = 0.00, SD = .46). 
Positive cues were rated higher (t(44) = 23.54, p < .01, d = 3.51), negative cues were rated 
lower than neutral cues, t(44) = 21.93, p < .01, d = 3.27. 
Design and Procedure  
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 The design was a 2 x 3 mixed-design with age as between-subjects, and emotional 
valence (positive, negative, neutral) as within-subjects variable. Dependent variables w re 
PM performance and MPT-model based parameters measuring prospective and retrospective 
components of PM. 
 All participants were tested in sessions with one to four participants. After signing 
consent forms and measuring the initial mood with the PANAS (Watson et al., 1988), a brief 
color vision test (Ishihara, 1993) was administered. Instructions for the color-matching task, 
which were displayed on the computer screen, emphasized both speed and accuracy. Upon 
completion of ten practice trials, participants had to explain the task in their own words on the 
basis of one match- and one nonmatch-trial to ensur understanding of the procedure. The 
instructions for the PM task followed (translation from German): “In the next task block, we 
ask you to work on the color task again. While working on this task, please additionally 
remember to press the space bar instead of the V or M key, when you see one of five 
prespecified words that we will ask you to learn befor  each of the three task blocks. Please 
press the space bar now to continue. One example: Say one of the five words we asked you to 
learn was house. If you see this word next time you are working on the color task, please 
remember to press the space bar instead of the V or M key. If you have pressed V or M and 
then realize that the space bar would have been the corr ct response, please press the space 
bar afterwards.” Participants were asked to repeat the instruction in their own words, before 
they studied the PM target words. Before each block, the five target words were displayed 
sequentially on the screen, each for 5 s. After an opportunity to ask questions, participants 
started to fill in a health and demographics questionnaire for 2 min as a filler task, followed 
by the first PM block. This procedure was repeated b fore the second and third block. 
Participants who completed the questionnaire faster than the set time (i.e., 3 × 2 min), worked 
on a further questionnaire.  
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 At the end of the experiment, participants recalled which key they were supposed to 
press in response to a target and were asked to recognize the 15 target cues of the three 
blocks. Fifteen filler items taken from the ongoing task (5 filler words from each task block) 
served as distractors in this recognition test.1 Finally, participants were asked to rate the 
emotional valence of the PM target cues on a scale from -3 (very negative) to +3 (very 
positive). The whole session lasted approximately 60 min for the young adults and 90 min for 
the older adults. 
7.3 Results 
Behavioral Results 
 PM performance. We analyzed participants’ PM accuracy (proportion of PM targets 
correctly responded to) using a 2 × 3 mixed-model ANOVA (see Figure 6), with age group 
(young, old) as the between-subjects variable and emotional valence of the PM cues (neutral, 
positive, negative) as the within-subjects variable. Main effects of age, F (1, 84) = 57.99, p < 
.01, ηp² = .41, and valence F (2, 168) = 3.45, p < .05; ηp² = .04, were qualified by a significant 
interaction of both factors, F (2, 168) = 3.71, p < .05, ηp² = .04. Post hoc comparisons 
revealed that young adults outperformed older adults in he negative (old: M = 3.83, SD = 
3.03; young: M = 6.16, SD = 2.41; F (1, 84) = 15.64, p < .01; ηp² = .16), neutral (old: M = 
2.17, SD = 2.50; young: M = 6.29, SD = 2.45; F (1, 84) = 59.57, p < .01; ηp² = .42), and 
positive condition (old: M = 3.46, SD = 2.59; young: M = 6.49, SD = 2.69; F (1, 84) = 28.18, 
p < .01; ηp² = .25). However, a closer look at the effect sizes showed that the age effect in the 
                                                
1 Note that the recognition test was conducted at the end of the experiment in order to avoid overemphasizing the 
PM task. This means that there was a relatively long delay between the first task blocks of the PM task and the 
recognition test, as well as possible interference between the cues of the different task blocks. Thus, these data 
were only analyzed exploratorily in addition to model parameter M. The latter was used as an estimate of the 
retrospective component in prospective remembering, as it is measured “online” during the actual experim nt 
(see Smith & Bayen, 2004, for further details). Analyses of the recognition data concurred with estimates of the 
M parameter in level and pattern and showed that the PM targets were not forgotten entirely (hit rate minus false 
alarm rate: young: M = 78.52, SD = 19.94; old: M = 50.24, SD = 21.96). Hence, both age groups showed a 
performance level that is comparable with the model estimates of parameter M and recognition performance in 
other PM studies using multiple target cues (e.g., Rendell et al., in press). 
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positive cue condition was reduced by 40 % compared to the neutral condition. The age effect 
in the negative cue condition was even reduced by 62 % compared to the age effect in the 
neutral cue condition. Further analyses revealed that there was a significant simple main 
effect of emotional valence for older adults, F (2, 80) = 5.92, p < .01, ηp² = .13, but not for 
young adults. (F < 1), 
Cue valence
0
10
20
30
40
50
60
70
80
negative neutral positive
P
e
rc
e
n
ta
g
e
 c
o
rr
e
ct
   
 
Older adults
Younger adults
 
Figure 6.  PM performance (proportion of PM targets correctly responded to) in both age 
groups as a function of the valence categories fromthe PM cue. Error bars represent the 
standard error (SE). 
 
 Ongoing-task performance. A 2 (age) × 3 (valence) ANOVA on accuracy in the ong i g 
color-matching task indicated a significant age effct, F (1, 84) = 27.92, p < .01, ηp² = .25. 
Young adults showed higher performance (M = .89, SD = .08) than older adults (M = .82, SD 
= .08) in the negative, t(84) = 3.96, p < .001, d = 0.88, neutral (young: M = .90, SD = .08, old: 
M = .83, SD = .08; t(84) = 4.42, p < 0.01, d = 0.88), and positive cue conditions (young: M = 
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.90, SD = .08, old: M = .80, SD = .10; t(84) = 4.97, p < 0.01, d = 1.25). The main effect of 
valence and the interaction did not reach significance, Fs (2, 168) < 1.95, ps > .14. 
Model-based Results 
 Model fit. To fit the MPT model of event-based PM (Smith & Bayen, 2004) to the 
observed data, we counted participants’ responses on ach item type (see Appendix B for 
these categorical response frequencies, aggregated over trials and participants in each 
condition). Participants responded Match, Nonmatch, or PM to one of four possible item 
types. Parameter values that best predicted these fr quencies were obtained with available 
software (Moshagen, 2010; Stahl & Klauer, 2007) via maximum-likelihood estimation.  
 Goodness-of-fit of the models was evaluated for the complete data of each age group 
(i.e., 3 valence conditions × 4 item types, resulting in 12 trees per group) using the likelihood-
ratio statistic G², which is asymptotically chi-square distributed (with df = 12). The models fit 
the data well for both older adults, G²(12) = 10.56, p = .57, w = 0.03, and young adults, 
G²(12) = 18.68, p = .10, w = 0.04, given the high power for each model test (β < .001) to 
detect even small deviations (effect size w = 0.10; Cohen, 1988) of predicted from observed 
data.2  
 Components underlying PM. First, we focus on parameter estimates of the prospective 
component (P parameter) and of retrospective recognition-memory (M parameter), which are 
shown in Figure 7. Table 6 includes the corresponding tests of age-related differences, 
performed as follows: A joint model for both age groups was calculated that allowed all 
parameters to vary between age groups. For each test of significance, we compared this 
baseline model with a model imposing an equality restriction across age groups on one 
parameter of interest (e.g., parameter P in the positive-valence condition was set equal across 
the two age groups), resulting in a ∆G² statistic with df = 1. To account for inflation by 
                                                
2 Power analyses were performed with G*Power3 (Faul, Erdfelder, Lang, & Buchner, 2007). 
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multiple comparisons, we adjusted the conventional alpha level for each comparison by the 
number of tests performed (i.e., α′ = .05/24 = .0021). 
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Figure 7. Parameter estimates for older adults and young adults as a function of emotional 
target valence. Error bars represent .95 confidence intervals. P = prospective component; M = 
retrospective recognition-memory component. 
 
 Prospective component. The prospective component was lower in older than in young 
adults when emotional valence of the PM targets was negative or neutral (Table 6). Notably, 
estimates of the prospective component were statistic lly indistinguishable between older and 
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young adults in the positive-valence condition. To examine this elimination of age differences 
with positive PM targets, we tested the effect of emotional valence within each age group (see 
Table 7). These analyses revealed that older adults’ pro pective component was significantly 
increased for PM targets of positive emotional valence. After correction for multiple 
comparisons, this was the only reliable effect to emerge. 
 
Table 6 
∆G2 Values Testing Age Differences in the Prospective Component and in Retrospective 
Recognition Memory 
Valence 
Condition 
   P   M 
negative  34.37* 0.06*  
neutral  36.59* 46.39* 
positive  6.11*   43.57* 
Note. ∆G2 = increment of the chi-square distributed fit statistic (df = 1) compared to the 
unrestricted model; model parameters: P = prospective component; M = retrospective 
recognition-memory component 
* p′ < .0021; critical ∆G2 = 9.46 
 
 Retrospective recognition memory. Older adults had lower recognition memory than 
young adults for PM targets of neutral valence and of positive valence. However, adult age 
differences were completely eliminated in the negative-valence condition (Table 6). Within 
the group of older adults, recognition memory was highest for PM targets of negative valence, 
whereas it was lowest for negative targets in the group of young adults: Tests of valence 
within each age group showed that older adults’ recognition memory was significantly higher 
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for negative than for neutral targets. Young adults recognized positive targets better than 
negative targets (Table 7). 
 
Table 7 
∆G2 Values Testing Parameter-Differences (Prospective Component and Retrospective 
Recognition Memory) Between Emotional-Valence Conditions  
Older Adults  Young Adults 
Comparison 
P M  P M 
neutral vs. negative 3.87*  22.37*  3.20*  3.04*  
neutral vs. positive 10.16* 4.58*   0.13*  2.84*  
negative vs. positive 1.74*  8.72*   4.76*  11.93* 
Note. ∆G2 = increment of the chi-square distributed fit statistic (df = 1) compared to the 
unrestricted model; model parameters: P = prospective component; M = recognition-memory 
component 
* p′ < .0021; critical ∆G2 = 9.46 
 
 Ongoing-task parameters. Detection of color matches (Parameter C1) and of color 
nonmatches (Parameter C2) are model-based measures of participants’ ability to perform the 
ongoing task. As seen in Table 8, young adults detect d both stimulus types consistently 
better than older adults. Relatively higher ongoing-task performance of young adults is a 
standard finding (e.g., Smith & Bayen, 2006) and was not the focus of the present study. In a 
recent experiment, ongoing-task difficulty was manipulated such that color detection ability 
was not higher in young than older adults, but patterns of age differences in the prospective 
and retrospective component of an event-based PM task remained the same (Smith, Bayen, & 
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Horn, under review). Thus, relative ongoing-task difficulty is unlikely to account for age-
related differences in parameters P and M.  
 
Table 8 
Parameter Estimates for the Ongoing Task and ∆G2 Values Testing Age Differences  
Color-Match Detection C1  Color-Nonmatch Detection C2 Valence 
Condition Older Adults Young Adults     ∆G2  Older Adults Young Adults     ∆G2 
negative .58 (.54–.62) .69 (.66–.72) 20.32*  .69 (.66–.73) .86 (.84–.88) 74.86* 
neutral .57 (.53–.61) .70 (.67–.73) 31.49*  .71 (.68–.74) .88 (.86–.90) 89.20* 
positive .47 (.43–.51)  .66 (.63–.69) 54.64*  .70 (.67–.73) .90 (.88–.92) 119.32* 
Note. ∆G2 = increment of the chi-square distributed fit-statistic (df = 1) compared to the 
unrestricted model. Values in parentheses are .95 confidence intervals. Model parameters: C1 
= probability of detecting a color match; C2 = probability of detecting that a color does not 
match. 
* p′ < .0021; critical ∆G2 = 9.46 
 
7.4 Discussion 
 The first aim of the present study was to assess how emotional PM cues, in comparison 
to neutral cues, affect event-based PM in young and older adults. The second aim was to gain 
important conceptual progress by disentangling the prospective and retrospective components 
of PM and to dissociate emotional valence effects for the first time through multinomial 
modeling.  
 As predicted, age effects were smaller in both negative and positive emotional valence 
conditions compared to a neutral condition. This result is in line with studies on other types of 
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memory tasks (i.e., verbal and nonverbal episodic memory), which found an emotionally 
enhanced memory effect in older adults (e.g., Denburg et al., 2003; Gruhn et al., 2005; 
Kensinger, Brierley, Medford, Growdon, & Corkin, 2002). Moreover, the present study 
provides further evidence for an emotionally enhanced memory effect in PM (cf. Altgassen et 
al., 2010). Interestingly, this result only holds for the group of older adults, also in line with 
findings by Altgassen et al. That is, on the behavioral level, there was no valence-effect in the 
group of young adults. These findings support the view that emotional reactivity may even be 
stronger in older compared to young adults (Kunzmann & Grühn, 2005; Uchino, Holt-
Lunstadt, Bloor, & Campo, 2005). As an alternative explanation, in accordance with both the 
multiprocess framework (Einstein & McDaniel, 2000) and the PAM theory (Smith , 2003), 
older adults may benefit more from an emotionally salient cue than young adults, because 
they generally have fewer cognitive resources availble to monitor for PM targets. Moreover, 
in contrast with the findings reported by Altgassen et al., age effects were not eliminated in 
the emotional cue conditions, but significantly reduced as in the study by Rendell et al. (in 
press). This may be due to the relatively difficult PM task used in the present study and the 
concomitant strong age effect in the neutral condition, which was similar to age effects found 
in PM tasks with high cognitive demands (Henry et al., 2004; see also Rendell et al., in press).      
 The analysis of the two different PM components revealed interesting patterns that 
indicate age differences and valence differences in the processes underlying PM performance 
in young and older adults. While age effects in the prospective component emerged in 
response to negative and particularly to neutral PM cues, the age groups did not differ in this 
component in response to positive PM cues. The age effect in the neutral cue condition 
replicates other PM aging studies with non-emotional m terial (e.g., Smith & Bayen, 2006), 
and is expected with a nonfocal task that likely involves attentional control processes (e.g., 
Smith, 2010). More interestingly, older adults’ engagement in monitoring (i.e., the 
prospective component) was higher in the positive-cu  condition compared to the neutral 
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condition. This finding suggests that not only memory but also controlled attentional 
processes needed to successfully perform a PM task m y be influenced by emotional valence. 
This is in line with studies on emotion and attentio al processing in old age (e.g., Isaacowitz, 
Wadlinger, Goren, & Wilson, 2006; Mather & Carstens, 2003). Thus, the reduced age 
effect in PM performance in the positive-cue condition was due to better performance in the 
prospective component. A different picture emerged for the retrospective component. While 
we found age differences in reaction to neutral and positive PM cues, there were no age 
differences in the negative-cue condition. These analyses converge with previous studies 
indicating that older adults may also exhibit difficulties with PM tasks due to failure of the 
retrospective component (e.g., West, Jakubek, & Wymbs, 2002).  
 Again, there were notable differences across valence conditions within each age group. 
Older adults showed better recognition memory (retrospective component) with negative 
compared to neutral PM cues. Thus, the reduced age effect in the negative-cue condition 
seems to result from better recognition memory on the part of older adults. This result is in 
line with earlier reports showing a negativity effect in retrospective memory for older adults 
(e.g., Comblain, D’Argembeau, Van der Linden, & Aldenhoff, 2004). Further, this finding is 
of conceptual importance as it suggests that the und rlying processes leading to an 
emotionally enhanced memory effect in PM performance for both valence types may differ.  
 For young adults, even with no valence effects on a behavioral level, the modeling 
showed that recognition memory (retrospective component) was higher in the positive-cue 
condition compared to the negative-cue condition, suggesting that the valence manipulation 
did have an effect on one of the underlying PM compnents. In line with Rendell et al. (in 
press), this result partly supports a positivity effect in PM in young adults. 
   Control of arousal-level across the cues in the thr e different valence conditions 
assured that the effects found in the present study are due to the valence of the stimulus 
material, and not any arousal it may have induced. The finding that emotional valence of the 
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PM cue also affects older adults’ PM performance in a non-focal task with less salient PM 
cues than in former studies shows that even a relativ ly subtle form of cue valence can have 
strong influence on PM performance in older adults. This has important methodological 
implications, as researchers conducting laboratory-based aging studies on PM should pay 
attention to the stimulus material and consider possible differences in valence. 
 From a conceptual perspective, the results may also contribute to the explanation of the 
age-PM-paradox, which describes the general pattern of age-related deficits in standard 
laboratory based PM tasks and age-related benefits in naturalistic tasks that are carried out in 
participants’ everyday lives (Rendell & Craik, 2000). The potential underlying mechanisms 
are still under debate (Phillips et al., 2008). The pr sent results suggest that the usually neutral 
material in laboratory based studies might overestimate age effects, while they might 
disappear in naturalistic tasks if these PM tasks have stronger emotional meaning for older 
participants. Of course, further research would be ne ded to test this assumption by varying 
the valence of lab-based and naturalistic PM tasks within the same sample of young and older 
adults.  
 The results also show that older adults were less accurate than young adults in detecting 
color matches and nonmatches indicating that the ongoing task was more challenging for 
them. Given that older adults have reduced attentional resources, this may have left them with 
fewer resources to perform the PM task in addition to the ongoing task. However, there are 
several arguments that speak against this possibility. First, older adults’ performance in the 
ongoing task overall and in each valence condition was above 80 % correct, which indicates 
that the task was worked on successfully without greater problems. Second, older adults 
showed better PM performance for emotional PM cues, and it is not clear why difficulties 
with an ongoing task would selectively disrupt neutral (and not emotionally valenced) 
prospective-memory cues. Further, concerning the modeling results, a recent experiment 
showed that differences in ongoing-task difficulty across age groups are unlikely to account 
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for age-related differences in the two PM components (Smith, Horn, & Bayen, under review).  
 A possible limitation of the present work relates to the word material used for the PM 
task. The norms provided for the BAWL-R (Võ et al.,2009) are based on data from young 
adults only. Even though the target cue evaluation at the end of our experiment suggested that 
the older participants as well as the young evaluated the words as intended, a verification of 
the norm values with a larger sample of older participants would be preferable for future 
studies.  
  In summary, the present work enhances available knowledge on the conceptual level by 
suggesting that older adults’ increased PM performance in positive and negative PM cue 
conditions compared to neutral ones may be due to different processes. That is, with positive 
cues, we found higher ability in the prospective comp nent, and with negative cues, we found 
higher ability in the retrospective component. The study supports the view that there is an 
emotionally enhanced memory effect instead of a selective positivity effect in PM. 
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8. General Discussion 
The overall aim of the research programme presented i  this thesis was to investigate 
adult age effects in different PM task settings andto explore potential cognitive, motivational 
and emotional mechanisms and processes associated with age-related PM performance. Thus, 
four research questions were proposed that aimed at xploring the following: 1) to investigate 
if the age-PM-paradox can be confirmed within one sample of young and older participants 
using lab-based and naturalistic PM tasks with similar task constraints; 2) to explore the 
influence of different factors on PM performance in young and older adults in the laboratory 
and the field that have been suggested by the literature; 3) to clarify the influence of the three 
executive function facets shifting, inhibition and updating on lab-based PM performance in 
young and older adults; 4) to explore the role of emotional target cues for PM age differences 
in the laboratory. In the following, the results of the three empirical studies will be 
summarized and discussed according to the four resea ch questions. Afterwards, the 
conceptual, methodological and applied implications f the present results will be considered. 
Finally, an outlook suggesting key issues for furthe  research will be provided. 
8.1 Discussion of research questions 
8.1.1 Can the age-PM-paradox be cross-validated within a single sample using lab-based and 
naturalistic PM tasks with similar constraints? (Study 1) 
The first research question tested in the present th sis can be answered with “yes”. 
The results of Study 1 (see Chapter 5) clearly showed the expected pattern of age-related 
deficits in the lab-based PM task and age-related benefits in the naturalistic task. This result 
underlines the reliability and validity of the age-PM-paradox and is in line with the first study 
(Rendell & Thomson, 1999) revealing the age-PM-paradox in a single sample of young and 
older adults. One limitation of this first study byRendell and Thomson, however, was that the 
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two PM tasks used in the different settings differed substantially in potentially important task 
parameters. The two lab-based PM tasks were to stop a clock seven minutes after the testing 
session started and to note the time on a questionnaire that was filled out. Several 
retrospective memory tasks and the questionnaire serv d as ongoing activities. In contrast, for 
the naturalistic task, participants had to remember to press a particular sequence of keys on a 
Sharp Organizer at four prescribed times a day, for seven days. Thus, the tasks differed in 
total number of required PM responses, target times and in their retrospective component. To 
overcome these limitations the present study applied lab-based and naturalistic tasks that were 
parallel in their structure and general requirements. Specifically, participants had to remember 
to complete two PM entries on the computer in each of t e three 12 minutes lasting blocks in 
the laboratory (one in the first and one in the second half) and to send two text messages in a 
12 hour time slot on three consecutive days (again one in the first and one in the second half 
of the day). The present study thereby excluded general PM task differences between the 
settings as an explanation for the differential age eff cts and demonstrated that the age-PM-
paradox can be extended to a more typical PM task de ign. The tasks in both settings, the 
ongoing tasks in the laboratory (e.g., watch a documentary, read a journal article) and the 
naturalistic PM task (send text messages), were designed to resemble activities that young and 
older adults are familiar with from their everyday life. Thus, another popular explanation that 
PM age deficits in the laboratory are due to artificial task constraints and the usually abstract 
material used (Phillips et al., 2008) could be ruled out. Further, Rendell and Thomson (1999) 
reported that a significantly larger number of young adults than older adults reported 
difficulties in keeping the organizer with them that was needed for performing the naturalistic 
PM task. Execution problems like this were avoided in the present work, as sending text 
messages represented a normal everyday activity for all participants, and thus, participants 
were familiar with taking their mobile phones with them and reported no problems in doing 
so. To sum up, Study 1 successfully cross-validated th  age-PM-paradox within a single 
UNDERSTANDING AGE-RELATED PROSPECTIVE MEMORY PERFORMANCE 93 
8. General Discussion 
sample using lab-based and naturalistic PM tasks with similar constraints and high ecological 
validity, which seemed to be appropriate for exploring PM performance in young and older 
adults in- and outside the laboratory. 
 
8.1.2 Do the same factors influence age-related PM performance in the laboratory and the 
field? (Study 1) 
The second research question can be answered with “no”. Results from Study 1 (see 
Chapter 5) showed that different factors appear to be involved in the two settings. Analyses 
revealed that the age deficit in the lab-based PM task was mainly related to higher ongoing 
activity absorption of older adults, while the age benefit in the naturalistic PM task was 
associated with higher motivation and better metacognitive self-assessment of individual PM 
abilities in older adults. However, remarkably, themost important mechanism seemed to be 
elevated daily stress in young adults: Covarying for this variable eliminated the age effect 
completely.  
These findings appear to have important conceptual implications. Specifically, the 
factor identified to be of importance for the age deficit in the laboratory (ongoing task 
absorption; possibly linked to dual task attentional control) is one that can be directly related 
to normative physiological changes in old age. Thus, it seems that the age deficit in laboratory 
PM tasks may reflect limited neuro-cognitive resources. Moreover, factors potentially 
reflecting motivation and experience of the participants did not influence PM age effects in 
the laboratory. Neither did young and older adults differ in their motivation to perform the 
lab-based PM task nor in their metacognitive awareness. This finding suggests that lab-based 
PM tasks may not be as motivating for older adults as naturalistic tasks. One reason for these 
motivational differences may be the lack of personal relevance of the lab-based task material 
(Phillips et al., 2008). The laboratory PM task employed in Study 1 used task material that 
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was familiar for young and older adults, but still represented a neutral task without personal 
emotional meaning. A possible reason for the finding that young and older adults did not 
differ in their metacognitive awareness in the labor t ry despite the general higher life 
experience in older adults may be the differences in study participation. All young 
participants were undergraduate psychology students, who volunteered in exchange for partial 
course credit. Thus, they had substantial testing experience. Contrary, most of the older adults 
had no or only limited testing experience. This might cause problems in evaluating the 
situation.  
 In sharp contrast, a different picture emerged for the naturalistic PM task. Here, factors 
that are subject to voluntary control or short term intervention appeared to play an important 
role. Older adults benefited from their higher motiva on and better metacognitive self-
awareness. Hence, the naturalistic task setting appeared to have offered them the opportunity 
to use their knowledge and their personal strengths and strategies. However, the most 
important factor in explaining age differences in the field seems to be everyday stress. Young 
adults reported to have more everyday stress which m g t have caused difficulties in 
remembering and initiating the naturalistic PM task. Further research is needed to explore if 
the strong stress effect found in Study 1 is related to the physiological effects of stress 
hormones on memory performance (Roozendaal et al., 2009), stronger intrusive thinking 
related to the stressors (Sliwinski et al., 2006) or pr blems to integrate the PM tasks into one’s 
daily routine. 
 All in all, the present results suggest that the ag  benefit found in the naturalistic PM 
task in Study 1 is due to older adults’ higher motivation and metacognitive knowledge as well 
as to an inferior performance of young adults following higher stress levels. Thus, the 
common view that age benefits in naturalistic PM tasks are resulting from an enhanced 
performance in older adults might need to be reframed. Moreover, recently, Aberle, Rendell, 
Rose, McDaniel and Kliegel (2010) showed that the ag  benefit in a naturalistic PM task 
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could be eliminated by increasing motivation in young adults. Thus, authors concluded that 
the young adults’ inferior performance (here due to generally lower motivation) might be the 
decisive factor underlying previously reported age benefits in older adults in naturalistic 
settings (Henry et al., 2004). The present results ggest that both views might be useful to 
explain the age-PM-paradox best.   
Finally, to vary individuals’ level of control over the PM cue, participants were asked 
to choose half of all target times for the lab-based and the naturalistic PM tasks, while the 
other half was experimenter given. This allowed the us  of strategies in the self-determined 
target times such as choosing the date of birth as a time or the same target time in every 
block/ day. The absence of an interaction between ag  and level of control suggests that level 
of control as operationalized in Study 1 is independent from age effects. However, a main 
effect for level of control emerged, but only in the laboratory. Thus, young and older adults 
seemed to benefit from more control over the PM cue. This effect might be restricted to the 
laboratory setting, as a naturalistic task setting generally offers much more control options, 
for example one can use strategies like setting reminders which is usually prevented in the 
laboratory. Thus, in older adults the level of contr l effect found in the laboratory might not 
reach significance in the field, as they use more effective strategies based on their experience. 
The latter is possibly reflected in older adults’ good metacognitive awareness. In contrast, for 
young adults, the level of control effect might be not strong enough in the field to overcome 
the high levels of self-reported stress.  
 To sum up, the present results strongly suggest that different variables may be crucial 
for understanding age effects in the different task settings. Further, Study 1 gives important 
hints which properties of naturalistic and lab-based task settings may be critical in 
determining the direction of age effects and should be further explored in future studies. 
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8.1.3 How do shifting, updating and inhibition influence lab-based PM performance in young 
and older adults? (Study 2) 
A comprehensive set of statistical analyses in Study 2 (see Chapter 6) suggested that 
different executive function facets differently predict (age effects in) PM. Regression analyses 
showed that the inclusion of executive function measures as predictors led to a higher amount 
of explained variance in PM performance for young ad older adults than only including 
working memory and speed. More specifically, shifting was the only significant single 
predictor in young adults and showed a significant high β weight in older adults. Moreover, 
only for older adults speed remained a significant predictor besides shifting, after all 
executive function predictors were entered. This finding is in line with empirical evidence 
suggesting speed to be a strong predictor of age differences across various cognitive tasks 
(e.g. Lindenberger, Mayr, & Kliegl, 1993). Further, this result is consistent with the 
processing-speed theory of adult age differences from Salthouse (1996), which postulates that 
speed represents a key cognitive resource that may explain cognitive aging in several domains 
such as memory.  
A mediation approach supported the important role of shifting as a central executive 
function facet, as the age effect found in PM performance was fully mediated by shifting. 
Further support comes from structural equation modeling results: Correlations between latent 
variables of PM and executive functions showed the highest correlation between shifting and 
PM across the entire sample as well as in separate n lyses with young and older adults. 
Moreover, while all three executive function facets correlated with PM in the whole sample, 
only shifting and PM correlated in older adults and i hibition and shifting correlated 
significantly with PM in young adults.  
Taken together, results indicate that executive functio s are important predictors of 
PM in young and older adults beyond working memory and speed (Zeintl et al., 2007); 
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specifically, the ability to shift between tasks appeared to be the essential aspect of cognitive 
control needed in age-related PM performance. This strong influence might result from the 
requirement of PM tasks to shift back and forth betwe n mental sets of the ongoing and the 
prospective task. Furthermore, findings revealed slight differences in the relations between 
specific executive functions, speed and PM between you g and older adults. Speed as a basic 
cognitive function seems to play an important role f r PM in older adults beyond the 
influence of executive function measures. In young adults inhibition might be central, besides 
shifting, for successful PM performance.  
Another important finding of Study 2 shall be briefly acknowledged as the present 
study is only the third study in PM research that used a multiple indicator approach and 
examined PM as a latent construct. The present data nicely corroborate the convergent and 
discriminant validity of PM in line with Salthouse et al. (2004) and Zeintl et al. (2007). 
Findings confirmed PM as a separate cognitive construct and suggest that PM is related to, 
but not identical with, executive control. 
8.1.4 How is lab-based PM performance in young and older adults affected by emotional 
target cues? (Study 3) 
In line with studies on other types of memory tasks (i.e., verbal and nonverbal episodic 
memory; e.g., Denburg et al., 2003; Gruhn et al., 2005; Kensinger, Brierley, Medford, 
Growdon, & Corkin, 2002), results from Study 3 (see Chapter 7) support an emotionally 
enhanced memory effect in older adults’ PM performance, but not in young adults. As 
compared to the neutral condition, older adults showed increased PM for emotional target 
cues. This finding is also in line with the predictions derived from the multiprocess 
framework (Einstein & McDaniel, 2000), namely, that older adults may benefit more from a 
salient cue than young adults given that they generally have fewer cognitive resources 
available to monitor for PM targets.  
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 The two existing studies (Altgassen et al., 2010; Rendell et al., in press) exploring the 
role of emotional cue or action valence on PM performance in young and older adults came to 
different results in two important issues. While age effects were only reduced in the emotional 
compared to the neutral task conditions in Rendell et al. (in press), they were completely 
eliminated in the study by Altgassen et al. (2010). From a conceptual perspective, it is further 
unclear, whether an emotionally enhanced memory effect (Altgassen et al., 2010) or a 
positivity effect (Rendell et al., in press) explains PM performance in older adults using 
emotional task material best. Concerning the first is ue, Study 3 found reduced, but even in 
the emotional valence conditions still significant ge effects in line with Rendell et al. (in 
press), but in contrast to Altgassen et al. (2010). The heterogeneous study results might be due 
to the specific PM task requirements. The present study used a non-focal PM task with a 
demanding two-back working memory task as ongoing activity and five different PM cues per 
task block. Similarly, virtual week, used by Rendell et al. (in press) to measure PM, also 
represents a demanding task comprising several PM tasks of differing complexity and 
accordingly a relatively high retrospective memory l ad. In contrast, Altgassen et al. (2010) 
used a one-back working memory task as ongoing activity and only two PM cues per block. 
 Concerning the second issue, the present study further supports an emotionally 
enhanced memory effect in PM (cf. Altgassen et al., 2010). While Rendell et al. (in press) 
varied the emotional valence of the PM task content, Altgassen et al. (2010) as well as Study 
3 of the present thesis varied the valence of the PM target cue, while the to be performed 
action remained the same and always neutral. This might be a possible explanation for the 
differential results. Of course, further research is needed to test this assumption. 
 Besides statistical analyses on a behavioral level, multinomial modeling was applied in 
Study 3 to gain further insights into the mechanisms underlying emotional effects in aging 
PM. More precisely, multinomial modeling allowed for conclusions whether possible age or 
valence effects were due to the prospective component, the retrospective component, or both. 
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The analyses of the two different PM components revealed interesting patterns that indicated 
age differences and valence differences in the processes underlying PM performance in young 
and older adults. While age effects in the prospectiv  component emerged in response to 
negative and particularly to neutral PM cues, the ag  groups did not differ in this component 
in response to positive PM cues. Thus, older adults’ engagement in monitoring (i.e., the 
prospective component) was higher in the positive-cu  condition compared to the neutral 
condition. This finding suggests that not only retrospective memory but also controlled 
attentional processes needed to successfully perform a PM task were influenced by emotional 
valence. This finding is in line with studies on emotion and attentional processing in old age 
(e.g., Isaacowitz, Wadlinger, Goren, & Wilson, 2006; Mather & Carstensen, 2003).  
A different picture emerged for the retrospective component. While age differences 
were revealed in response to neutral and positive PM cues, there were no age differences in 
the negative-cue condition. Thus, the reduced age effect in the negative-cue condition seemed 
to result from better recognition memory in older adults. This result is in line with one study 
showing a negativity effect in retrospective memory f r older adults (e.g., Comblain, 
D’Argembeau, Van der Linden, & Aldenhoff, 2004).  
  For young adults, even with no valence effects on a behavioral level, modeling 
showed that recognition memory (retrospective component) was higher in the positive-cue 
condition compared to the negative-cue condition, suggesting that the valence manipulation 
did have an effect on one of the underlying PM compnents. In line with Rendell et al. (in 
press), this result partly supports a positivity effect in PM in young adults.  
  To sum up, Study 3 supports the view that there is ather an emotionally enhanced 
memory effect instead of a selective positivity effect in PM which reduced age effects in a 
challenging PM task. Further, multinomial modelling results suggested that the underlying 
processes leading to the emotionally enhanced memory effect in PM performance may differ 
in the older adults for both valence types. .Specifically, positive cues might enhance 
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performance in the prospective component, while negative cues might lead to higher 
performance in the retrospective component. 
 
8.2 Conceptual, applied and methodological implications 
The shared aim of the research questions discussed above was to specify mechanisms 
underlying PM age effects in naturalistic and lab-bsed settings. In the following, the results 
will be integrated to draw theoretical and applied conclusions. Further, methodological 
implications for future research will be outlined. 
  
 
Figure 8. Factors explaining PM age effects. 
 
As summarized in Figure 8, the mechanisms suggested a  influential in the three 
studies can be subdivided into three categories. Some of them describe personal abilities or 
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characteristics as motivation and switching ability, others are determined by environmental or 
task demands like stress and PM target cue valence and the third category describes an 
interaction between person and task, i.e. metacognitive awareness and ongoing activity 
absorption. All these factors moderated or even eliminated PM age effects. From a conceptual 
perspective this finding is important, as it suggests that factors on different levels and 
moreover, their interactions have to be considered to explain the age-PM-paradox. Another 
interesting finding is that all factors identified as substantial for PM performance in the field 
are subject to voluntary control or short term intervention, while most factors identified to be 
of importance for the age deficit in the laboratory relate to cognitive processes that are 
associated with normative physiological changes.  
In this context, Study 2 makes an important contribu ion to theory development as the 
exact nature of the attentional control processes defined as central for lab-based PM age 
deficits in the multiprocess framework (McDaniel & Einstein, 2000) was so far unclear. 
Results from Study 2 strongly suggest that the main executive function facet for explaining 
PM age effects in the laboratory is shifting ability. Importantly, while age effects were found 
in all three executive function facets in Study 2, which also largely replicates previous results 
(e.g. Bélanger et al., 2010; Mayr & Liebscher, 2001; Verhaegen & Basak, 2005), other studies 
(see Verhaeghen & Cerella, 2002 for a review of meta-analyses) suggest that age deficits may 
not always be found in measures of controlled attention and might be limited to tasks 
involving the maintenance of two distinct mental task sets. Further, typical task-switching 
paradigms allow calculating two types of task-switching costs. First, switching costs, 
measuring the ability to switch between tasks. Second, mixing costs, which refer to the ability 
to maintain and select two tasks. The latter was used a  shifting ability measure in Study 2 as 
the ability to maintain and select two tasks exactly represents one general PM task 
requirement. Interestingly, age effects are especially pronounced in mixing costs (e.g. Mayr, 
2001; Meiran, Gotler & Perlman, 2001), while age differences on the level of switching costs 
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seem to be less pronounced (e.g. Kray & Lindenberger, 2000; Mayr, 2001; Verhaeghen & 
Cerella, 2002). Thus, the finding from Study 2 that shifting operationalized as mixing costs, 
which seems to be the executive function facet most affected by aging, had the strongest 
impact on PM performance suggests that generally age deficits in lab-based PM tasks might 
result from decreased shifting abilities in older adults. 
The finding from Study 3 that emotional as compared to neutral PM target cues were 
more salient and therefore reduced PM age effects in the laboratory represents another 
important contribution to theory development. It is indicating that task content, i.e. 
emotionality, is an important task parameter besides cognitive factors like ongoing task 
difficulty or physical task features that influence PM performance. 
From an applied perspective, the present results are promising as they bear several 
options for interventions. For example, the result tha motivational processes may be involved 
in naturalistic PM performance suggests that it might be helpful to make use of the knowledge 
from motivation psychology research and adopt models that have been proven to be useful in 
other areas like health behaviour. For example, the health action process approach 
(Schwarzer, 1992) suggests several variables that help to change behaviour by strengthening 
the intention to perform a specific action. This could be adapted to intentions related to PM 
tasks. Specifically, the motivation to remember an intention could be heightened through 
stressing its positive consequences, illustrating ne ative consequences of its forgetting and 
enhancing the self-efficacy believe that one is able to fulfil the PM task.  
 The finding that higher subjective daily stress in young adults is related to reduced PM 
performance in the field suggests that it might be us ful to offer time management or stress 
prevention courses for students. In the beginning of their studies, students have to face a wide 
range of commitments. One of them is to organize courses and exams which is accompanied 
by deadlines and multiple tasks to remember. This alone might cause stress. In addition, oral 
and written exams as well as talks may provoke stres  sponses. Thus, it is important to learn 
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how to deal with high levels of stress to ensure successful PM. A recent study (Ihle, 
Schnitzspahn, Rendell, Luong, & Kliegel, submitted) suggests that not only the total stress 
level is related to everyday PM performance, but tha older adults differ from young adults in 
their ability to reprioritize intended actions. Thus, another useful strategy for successful PM 
performance in the field might be to learn how to pri ritize different intentions and handle 
them flexibly. 
 Results from Study 3 also bear some practical implications. The finding that PM age 
deficits in the laboratory can be reduced by emotional PM target cues could be used in 
everyday life by combining intended actions with positive situations, e.g. to remember to take 
medication when drinking coffee in the morning and reading the newspaper. 
 Finally, the strong influence of shifting on PM age effects suggests that increases in 
shifting ability should result in enhanced PM performance. Former studies showed that 
shifting ability can be increased through training (Karbach & Kray, 2009) and that a specific 
task switching training leads to near and far transfer effects in different cognitive measures. 
The present results suggest that PM ability might be another candidate for such transfer 
effects. Future research is needed to test this assumption and develop a task switching training 
that older adults can perform by themselves in everyday life. This could lead to enhanced PM 
performance and cognitive abilities in general. 
 The present results also have some methodological implications for lab-based PM 
research. First, results from Study 1 showed that young and older adults differed in their 
ongoing activity absorption. This underlines the importance to use standardized ongoing tasks 
that allow for controlling of ongoing task performance. Second, results from Study 2 revealed 
that it is important to separately consider the importance of different executive functions on 
age-related PM given that different executive function facets appear to have different impact 
on performance. Relatedly, specific executive function ests should be used; for example, 
global measures such as the Wisconsin Card Sorting Test (Heaton, Chelune, Talley, Kay, & 
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Curtiss, 1993) might disguise actual relationships. Third, results from Study 3 suggest that 
researchers conducting laboratory-based aging studies on PM should pay attention to the 
stimulus material and consider possible differences in valence as even a relatively subtle form 
of cue valence can have a clear influence on PM performance in older adults. 
 
8.3 Outlook 
While the present thesis makes important contributions to the ongoing conceptual 
debate concerning PM age effects in- and outside the laboratory, it also raises new research 
questions. In the following some of them will be outlined. As a paradigmatic example, 
especially possible future studies examining how PM in young and older adults is influenced 
by stress will be described in more details, as the present results suggest that stress appears to 
be a particularly important determinant of PM age eff cts in naturalistic tasks. 
 
8.3.1 How does stress influence PM? 
One of the possible influencing factors on naturalistic PM performance tested in Study 
1 clearly stood out, namely perceived everyday stres , which was operationalized by asking 
participants on every experimental day how stressful their morning and afternoon were and 
combining both ratings in an overall stress rating. However, as already outlined above (see 
Chapter 8.1.2) the present approach did not allow to explore the cognitive and neurobiological 
mechanisms underlying this effect. One possible candid te is the physiological correlate of 
stress, i.e. heightened stress hormone (cortisol) levels and an activation of the sympathetic 
nervous system. 
So far, only two studies exist that explored the influence of stress on PM and both 
came to different results. A first correlative study found no relation between basal cortisol 
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levels and PM performance in young male adults (Nakay ma, Takahashi, & Radford, 2005). 
A second study (Nater et al., 2006) showed no stress effect in an event-based PM task, but a 
positive stress effect in a time-based PM task in young male adults. Here, stress was induced 
with the help of the “Trier Social Stress Test” (Kirschbaum, Pirke, & Hellhammer, 1993), a 
standardized protocol to cause acute stress in the laboratory under controlled conditions. The 
positive stress effect on PM performance in the study of Nater et al. (2006) is surprising, as 
stress effects found in numerous studies on declarative (e. g., Buss, Wolf, Witt, & 
Hellhammer, 2004; de Quervain, Roozendaal, Nitsch, McGaugh, & Hock, 2000; Kirschbaum, 
Wolf, May, Wippich, & Hellhammer, 1996; Kuhlmann, Piel, & Wolf, 2005; Smeets, Otgaar, 
Candel, & Wolf, 2008; Tollenaar, Elzinga, Spinhoven, & Everaerd, 2008) and working 
memory (e. g., Elzinga & Roelofs, 2005; Lupien, Gillin, & Hauger, 1999; Oei, Everaerd, 
Elzinga, van Well, & Bermond, 2006, Schoofs, Preuss, & Wolf, 2008, Young, Sahakian, 
Robbins, & Cowen, 1999) were mostly negative. The latter finding is especially relevant for 
PM research, as working memory seems to be a predictor for PM performance (see Chapter 
6). Thus, if working memory is impaired under acute str ss, PM should be decreased, too. 
Further support for the assumption that physiological stress correlates might reduce PM 
performance comes from studies showing that prefrontal brain regions have a high number of 
stress hormone receptors and should therefore be especially vulnerable for induced stress 
(Patel et al., 2000; Perlman, Webster, Herman, Kleinman, & Weickert, 2007). Importantly, 
imaging studies show that these prefrontal brain regions are highly relevant for PM (Burgess 
et al., 2008). Thus, further studies are needed to clarify how stress influences PM. Moreover, 
no study so far tested the influence of acute stres in a controlled laboratory environment on 
PM performance in older adults. Further, only very f w studies tested possible age differences 
concerning the influence of stress on other memory types with controlled experimental 
designs, although animal as well as human studies indicate that childhood and aging are two 
phases of life in which the brain is especially vulnerable for stress (Lupien, McEwen, Gunnar, 
UNDERSTANDING AGE-RELATED PROSPECTIVE MEMORY PERFORMANCE 106 
8. General Discussion 
& Heim, 2009). Kukolja, Thiel, Wolf and Fink (2008) found a negative stress effect on 
declarative memory performance in older adults, but not in a young control group. Wolf et al. 
(2001) found a negative stress effect on declarative memory in young and older adults, while 
working memory was only impaired in young but not older adults. Again, further research is 
clearly needed as the limited existing evidence is inconsistent. Thus, a possible future study 
on stress and PM would need to consider a sample of older adults in addition to a sample of 
young adults. Stress could, for example, be induced with the help of the Trier Social Stress 
Test, which has been shown to be effective in young (Kuhlmann et al., 2005) and older adults 
(Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004). While the experimental 
group performs the Stress Test, the control group would have to perform the so-called 
“Placebo Trier Social Stress Test“ (Het, Rohleder, Schoofs, Kirschbaum, & Wolf, 2009), 
which is comparable in its physical and mental requirements, but without the stress inducting 
component of an uncontrollable social evaluation (Dickerson & Kemeny, 2004). Such an 
experimental study design would allow specifying the negative relation between stress and 
PM as suggested by Study 1. The standardized situation in the laboratory would allow to 
objectively control for the actual stress response, which is a strong methodological advantage 
compared to the subjective stress ratings in Study 1, which might partly underlie social 
desirability effects. Moreover, it could be examined if physiological stress correlates, i.e. 
heightened cortisol levels are the crucial mechanism underlying possible stress effects on PM 
performance.  
 
8.3.2 Do the relations between specific executive functions and PM performance vary 
depending on PM task requirements or in accordance to PM phases? 
Study 2 gives first insight into which facets of executive function are involved in age-
related PM and which aspects of controlled attention seem to be less influential. Nevertheless, 
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further studies are needed to understand in more detail how executive functions and PM are 
related. Particularly, one interesting question is whether executive function facets are 
differentially involved in the different phases of PM as specified in the process model of PM 
(Kliegel et al., 2002, see Chapter 2). This model suggests that different executive functions 
are required to support formation of an intention, maintenance of the intention, initiation of 
the PM task, and its execution. To examine this question the complex PM paradigm (Kliegel 
et al., 2000) could be used instead of applying demanding but simple PM tasks like the ones 
in Study 2. Here, participants were instructed to remember to initiate and execute a single act 
(press a designated key) when specific cues appeared. Thus, the score derived from these 
tasks was a pure performance score: Either participants initiated the PM task correctly or they 
forgot to do so. Contrary, the complex PM paradigm allows for specification of performance 
in the different PM phases (intention formation, retention, initiation and execution). Indeed, 
first studies suggest (Kliegel et al., 2000; Kliegel et al., 2002) that different executive 
processes are related to performance in the different PM phases and thereby underline the 
phase-specific influence of executive control functions on the process of PM (Marsh & Hicks, 
1998). But the very few studies available have focused on single aspects and/or used single 
measures of executive functions. Thus, future studies are needed which investigate the role of 
clearly specified executive function facets based on a conceptual framework like the one from 
Miyake et al. (2000) used in Study 2. Each construct should be measured with multiple 
indicators in a big sample of young and older adults to allow for various statistical analyses 
like structural equation modelling. 
Another interesting question would be to further explore the relation between specific 
executive function facets and PM performance by varing the amount of controlled attention 
required to perform the PM task. As described in detail in the introduction (see Chapter 3), 
meta-analytic results (Henry et al., 2004) suggest that lab-based PM deficits only occur in PM 
tasks which require high amounts of controlled attention. Besides time-based PM tasks, 
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specific event-based tasks belong to this category. McDaniel and Einstein (2000) specified 
several factors in their multiprocess framework which vary the amount of controlled attention 
needed to perform an event-based PM task and therefor  allow a classification in more or less 
demanding event-based PM tasks. It is important to specify, what high versus low amounts of 
required attentional control in the different PM task types means, i.e. are different executive 
function facets needed to successfully perform the diff rent PM tasks? Or are the same facets 
needed, but to a different extent? To answer these questions young and older adults would 
have to perform different PM tasks, for example onetim -based task, and two event-based 
tasks varying in their demands (e.g., one focal and one non-focal task) in addition to the test 
battery measuring executive functioning.  
 
8.3.3 Is the PM age benefit in the field related to a higher emotionality of naturalistic tasks 
compared to lab-based PM tasks? 
Results from Study 3 revealed reduced PM age deficits in a lab-based PM task when 
emotional as compared to neutral PM target cues were used. Besides important conceptual 
implications discussed earlier (see Chapter 8.2) this result may also contribute to the 
explanation of the age-PM-paradox, as it suggests that the usually neutral material in lab-
based studies might overestimate age effects. Similarly, age deficits may disappear in 
naturalistic PM tasks because these tasks usually comprise a social component (e.g. phone or 
write the experimenter) which might lead to a stronger emotional meaning for older 
participants. Further research is needed to test this assumption. One possible study would be 
to vary the valence of lab-based and naturalistic PM tasks within the same sample of young 
and older adults. Either the action or the target cu  could be varied. For example, participants 
could either be asked to remember negative, positive or neutral PM tasks or to remember only 
neutral PM tasks, but in positive, negative or neutral situations or when a positive, negative or 
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neutral target cue occurs, respectively. Of course, the situations used as PM cue in the field 
would have to be clarified individually prior to task performance. Moreover, combining both 
variations within one study (i.e. emotional variation of the PM action and target cue) would 
allow for exploring further open questions. For example, if varying the valence of the PM 
action leads to positivity effects, while varying the valence of the target cue produces an 
emotionally enhanced memory effect. 
 
8.4 Summary 
The present thesis was set out to investigate age-related PM performance in different 
task settings and to explore possible associated cognitive, motivational and emotional 
mechanisms. To sum up, the present results support an age benefit in naturalistic PM tasks 
and an age deficit in the laboratory. Moreover, results strongly suggest that mostly different 
variables may be crucial for understanding these diff rentiate age effects. While high 
motivation, metacognitive awareness and low stress levels were associated with the age 
benefit found in naturalistic tasks, restricted cognitive resources in older adults seemed crucial 
for the observed age deficits in lab-based PM tasks. Especially reduced shifting ability and a 
general mismatch between cognitive task requirements a d cognitive resources might impair 
older adults’ PM performance in the laboratory. These age deficits can be substantially 
reduced by emotional task material which offers another explanation for the age benefit in 
naturalistic tasks, as these may be more emotional than lab-based tasks for older adults.  
All in all, the present thesis makes an important contribution to the ongoing conceptual 
debate concerning PM age effects in the different task settings and offers practical 
implications to enhance PM performance in both tasksettings and across both age groups. It 
also points out interesting questions for future research to continue this work and to complete 
our knowledge about age-related PM performance.  
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Appendix 
Appendix 
Appendix A 
Mean Rating Scores and Standard Deviations of the Words used as PM Target Cues for 
Emotional Valence, Arousal, Imageability, Total Frequency of Appearance per Million Words 
and Number of Syllables as a Function of Emotional Valence Word Category (Positive vs. 
Neutral vs. Negative) plus ANOVA Results (Norms provided by Võ et al., 2009) 
Word Category F (df) ηp² 
Positive Neutral Negative   
M (SD) M (SD) M (SD)  
 
Valence 2.48 (.30) 0.00 (.00) -2.31 (.24) 576.07 (2, 12)** .99 
Arousal  3.19 (.58) 3.06 (.42) 3.47 (.29) 1.10 (2, 12) .16 
Imageability  4.57 (1.54) 3.94 (1.61) 4.34 (1.39) 0.22 (2, 12) .04 
Frequency 39.17 (44.54) 16.97 (17.18) 25.17 (29.48) 0.60 (2, 12) .09 
Syllables 2.00 (.71) 2.00 (.71) 2.00 (.71) 0.00 (2, 12) .00 
** p < 0.01. 
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Appendix 
Appendix B 
Response Category Frequencies as a Function of Trial Type, Age Group, and Emotional-
Valence Condition 
Response Type 
Experimental Condition 
      Trial Type "Prospective 
Memory " 
"Match" "Nonmatch" 
Negative Target Valence  
Young Adults    
Target, match 113 100 12 
Target, nonmatch 94 8 123 
Nontarget, match 36 1709 323 
Nontarget, nonmatch 25 144 1903 
Older Adults    
Target, match 57 126 22 
Target, nonmatch 55 22 128 
Nontarget, match 15 1475 404 
Nontarget, nonmatch 20 285 1573 
Neutral Target Valence  
Young Adults    
 Target, match 98 112 15 
 Target, nonmatch 99 7 119 
 Nontarget, match 21 1739 308 
 Nontarget, nonmatch 19 123 1930 
Older Adults    
 Target, match 25 144 36 
 Target, nonmatch 31 30 144 
 Nontarget, match 30 1450 401 
 Nontarget, nonmatch 28 269 1594 
Positive Target Valence  
Young Adults    
 Target, match 111 99 15 
 Target, nonmatch 94 13 118 
 Nontarget, match 14 1701 357 
 Nontarget, nonmatch 13 97 1958 
Older Adults    
 Target, match 51 118 36 
 Target, nonmatch 51 30 124 
 Nontarget, match 34 1354 496 
 Nontarget, nonmatch 30 270 1588 
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